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ASPECTS OF THERMOREGULATION IN BATS 


By Wiiu1am G. REEDER AND Raymonp B. CowLeEs 


In so far as fairly extensive, but still incomplete data permit, it seems clearly 
apparent that for the majority of animals short periods of overheating constitutes 
a much greater hazard than does an equivalent degree of cooling. A rise of only 


a few degrees above the optimum temperature is almost immediately fatal, 
whereas a much greater fall in temperature merely retards metabolism or leads 
to cold narcosis or hibernation (Cowles, 1939, 1940, 1944). As shown by Cowles 
(1945a, 1945b, 1949, Cowles & Burleson, 1945), a more subtle, but far greater 
over-all danger lies in the susceptibility of the male germ plasm to non-lethal 
degree of somatic heating. 

Overheating the somatic tissues results in the death of the individual organism. 
Of greater importance, however, is the long range danger which lies in the fact 
that in all known instances, prolonged exposure to moderate, apparently harm- 
less heating, produces total or partial sterility in the male animal, and this ster- 
ility may be transient, seasonal, or permanent, depending on the organism and 
the intensity or duration of the heat exposure. As far as is known, the females 
are less affected by this germinal intolerance than are the males. 

It is obvious that both the somatic and particularly the germinal conse- 
quences of inadequate cooling or overheating are exceedingly important and 
thus it follows that, because of the narrow margin of safety between optimum 
temperatures and the effects of heat damage, there must be excellent control of 
temperatures at the upper threshold of danger. 

In most animals, especially those capable of true flight, the body temperatures 
during times of activity are very close to the maximum heat tolerance of the 
somatic tissues. This probably results from the increase of neuromuscular celerity 
associated with higher tissue temperature, a condition which would presumably 
confer selective advantages in competition for mates, food, and the avoidance 
of enemies. Since individual survival may be a result of speed-promoting high 
temperatures, natural selection would appear to favor survival of those indi- 
viduals having temperatures nearest the thermal danger point. Thus the impor- 
tance of high temperature thermoregulation and the associated heat dissipating 
mechanisms is apparent. The critical significance for the entire body and most 
especially the male generative tissues can scarcely be exaggerated. 

3ats were chosen for investigations on this problem of heat dissipation be- 
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cause they comprise one of the two broad groups of vertebrates capable of true 
flight. All Holarctic Microchiroptera which have been investigated have been 
shown to be hemipoikilothermic, that is, the temperature of the individual 
essentially varies with that of the environment, but when activity is to take 
place, thermoregulation at optimum temperature is possible, at least within 
certain limits. 

The experiments of Burbank and Young (1934), Eisentraut (1934), Pearson 
(1947), and Reeder (1949) have shown that during daily and seasonal periods 
of lowered metabolism the internal temperatures of bats closely approximate 
those of the environment. However, these data have not shown the rate at 
which internal temperatures can follow or lag behind the ambient temperatures. 

In order to obtain information on thermoregulation and heat dissipation, bats 
of two species were suspended by threads in a chamber, the temperature of which 
could be closely controlled. The wings could be moved freely in any direction, 
and almost all body movements natural to a suspended bat were possible. To 
record temperatures, two copper-constantin thermocouples were used, one to 
indicate the temperatures within the chamber, or the effective environmental 
temperature, the second to record the rectal temperatures of the animal. Th 
bats were suspended in the chamber, the thermocouple inserted rectally, and 
the mechanism of the refrigerator was set for its greatest cooling. At half minute 
intervals, ambient and body, i.e., rectal, temperatures were recorded. After 
reaching the lower equilibrium at about 5 degrees centigrade, the heating unit 
was started, eventually raising the temperature to slightly more than 40 degrees 
centigrade. The experiment was repeated with several freshly collected specimens 
of each of the two species tested. 

The animals used in the experiments were collected in the Riverside Mountains, 
Riverside County, California, and transported to the laboratory under lowered 
ambient temperature. The body temperature was then allowed to come to 
equilibrium with the environment before placing in the system. 

The results shown in Figures 1 and 2 are each average trials, using Myotis 
velifer, and Macrotus californicus, respectively. When placed in the apparatus 
the animals were in an active condition. This is reflected in the thermal differ- 
ential shown at the start of experimentation. Due to variation in the rates, the 
graph time factor obtained for the two species cannot be compared directly, 
although the degree of thermal change is comparable. The results shown in the 
figures, therefore, shall be analyzed separately. 

Figure 1, illustrative of thermal reactivity in males of the bat Myotis velifer, 
indicates that throughout long periods the rectal temperature of the animal fol- 
lows, with a slight thermal lag, the variation of the ambient temperature. The 
amount of lag ranges from 8.1° C. at the beginning of the experiment, to 0°C. 
where the temperatures are equal at the beginning of the heating process, then 
increases to 4.2°C. as the environment is again warmed. The reactions of the 
various individuals of this species tested were very similar. Therefore, descrip- 
tion of the activity of one animal under varied thermal conditions will be suff- 


cient. 
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was placed in the apparatus, it was struggling to escape and 


ery rapidly. As the restraining threads were attached to the 


rmocouple inserted, a series of wing flappings was initiated. The 
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became arhythmic until, at 12.6°C., there were no apparent body movements 
except for slow breathing, approximating 30-40 respirations per minute. At 
this temperature, the animal made a few futile escape attempts, but the body 
activity was slow and ineffective, and soon ceased. Down to 10.0°C. a very slow, 
awkward movement, not unlike those of a cold reptile, could be initiated in the 
animal by violently jarring the refrigerator. Responses to this type of stimulus 
could be induced down to a rectal temperature of 5.8°C., though the movements 
at this temperature were minute and very slow. Shivering of the test animal 
was noticed at but two points as the temperature in the refrigerator was reduced, 
first at 9.5°, then again at 5.8°C., rectal temperature. The action was in each 
instance very brief, and could not be detected as changing thermal conditions 
when the results were later analyzed graphically. As the heating element was 
turned on, the direction of thermal lag was reversed, and the ambient tempera- 
ture almost immediately became higher than that of the animal’s body. 

The first signs of voluntary activity became evident at a rectal temperature 
of 11.7°C., when the wings were slowly stretched to their full extent and then 
retracted. As the temperature within the chamber increased, there were a few 
very brief shivering movements by the test animal. Most of the movements, 
however, were of the large skeletal muscles, and, though sluggish, they were 
smooth and coordinated. From 12.9°C. up to 25.8°C., rectal temperature, there 
was almost constant muscular activity which, while still very slow at the lower 
thermal levels, became rapid and efficient at the upper part of this range. Wing 
movements were made, as before, with the fingers close together and the mem- 
brane undistended, though the arms were held extended, not retained close in 
to the body as when the animal was very cold. At 25.8°C., the motion of the 
body was reduced, the animal apparently resting. Breathing appeared to be 
intermittent, though this was impossible of positive determination. 

At 30.2°C., rectal temperature, muscle reactions were rapid and coordinated 
when the animal was stimulated by jiggling the refrigerator or pounding on the 
door. Respiration rate was approximately 60 per minute. Voluntary body move 
ments for the purpose of releasing the bonds on the feet were made at an internal 
temperature of 32.9°C. The wings were not outstretched at this thermal level, 
though an apparent attempt at cooling was evident by the cupping of the 
proximal portion of the wing membranes, which were fanned at a rate of approx- 
imately 40 beats per minute. 

The respiratory rate was found to be about 100 per minute. The struggling 
of the animal became violent at a rectal temperature of 35.9°. The wing mem- 
branes were somewhat expanded, not being stretched outwardly to their greatest 
extent. At rectal temperature 37.0° a fanning of the outstretched wings was 
initiated. This movement, in the face of still rising ambient temperature, served 
to begin a leveling off of the internal temperature. The fanning was evidently 
acting as a mechanism for passing large amounts of air very rapidly over the 
flight membranes. The leveling of the curve is not adequately illustrated in the 
figure, owing to the fact that its appearance is obscured by the size and numbers 
of the units used. 
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The stress of the mechanical system and the length of time involved in chang- 
ing the air temperature within the refrigerating unit undoubtedly lowered the 
resistance of the test animal. After 14 minutes of rapid fanning of the fully- 
opened membranes, the animal suddenly collapsed. This happened in each case 
where, as in this experiment, the animals were maintained in the system for a 
long period of time. The point of collapse was about the same, being between 
37.8° and 39.0°C. The bats were then removed from the apparatus, after which 
they, in each case, died. Unfortunately, in no case was it possible to leave the 
animals until they produced the vascular engorgement which will be discussed 
later. 

In Macrotus californicus the test animals were all females. As is often the 
case, the colony from which the experimental animals were obtained consisted 
of only one sex. The experimental results obtained from a similar test made 
upon three individuals of this species show a somewhat different pattern of 
reaction to varying temperatures than did the Myotis. From room temperature, 
23.2°C., the refrigeration unit was set for maximum cooling. The cooling was 
continued until the unit came to equilibrium at 5.7°C. The heating unit was 
then set in operation, thus slowly raising the temperature of the chamber to 
40.8°C., where the system again came to equilibrium. Inspection of Figure 2, 
and comparison of this with Figure 1, will show considerable difference in 
reactivity. One factor which makes proper correlation difficult, however, is the 
more rapid temperature changes used in the experiments on Macrotus. 

The thermal lag shown by this species is much greater than in Myotis. It 
ranges from 6.0°C., at the initiation of experimentation, to 12.3°, when the en- 
vironment is at maximum coldness. During the heating process the environ- 
mental temperature rises more rapidly than does that of the animal, and they 
become identical at 32.8°C., after which the ambient temperature continues to 
rise at a greater rate than that of the bat. Both temperatures reach equilibrium 
after 130 minutes in the system, the differential here being 1 to 2°C. 

As the ambient temperature was lowered from 23.2°C. the internal tempera- 
ture of the bat decreased, despite the constant struggling of the animal to free 
itself from its bonds. As its body temperature fell to 26.4°C. the animal became 
quiet, showing no movement except normal respiratory contractions. The wings 
were held close to the body, apparently in a reflex action that would effectively 
retard loss of body heat. At 24.3°C. the wings were relaxed slightly and a rapid 
vibratory shiver was initiated. The shiver appeared to be of constant frequency 
and intensity and occurred uniformly over the entire body. At 21.5°C. internal 
temperature a last attempt was made to escape, at which time the shivering was 
replaced by coordinated actions of the large muscles of the body. The legs were 
alternately flexed and extended, causing the animal to swing back and forth. 
This process continued for nine minutes and caused a slight rise in body tempera- 
ture over that period. 

As the struggling ceased, the shivering was immediately resumed. In spite of 
the heat-generating properties of this violent shivering, the body temperature 
also decreased steadily, though not keeping pace with the more rapidly de- 
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creasing ambient temperature. The heat generated by this rapid muscular 
activity apparently accounted for the evident partial resistance to the lowering 
of external temperature. As the refrigerator came to equilibrium at about 5.7°C., 
the bat’s temperature remained nearly constant, 18.0°C. To avoid killing the 
animal from prolonged exposure to the low temperature (this occurred in a 
previous run of the experiment), the refrigerator was turned off and the heater 
turned on inside the chamber. The ambient temperature rose in one minute to 
13.7°C., while in the same length of time the bat’s internal temperature rose to 
20.6°C. The shivering did not cease, but steadily continued. The rise in body 
temperature followed approximately the same slope as the rise of external 
temperature. As the body temperature approached 31.5°C. another short attempt 
at struggling was made. At 32.6°C. the shivering stopped and, as the ambient 
temperature continued to rise, the animal initiated a series of wing-flappings. 
At each flap the wings were relaxed and allowed to fall to a half-open position 
The wings were then drawn quickly up in a short are so that they were tightly 
held to the body. This complete movement was executed about twice per second 
This motion of the wings requires little muscular effort and it is very effective 
in passing air over the naked membrane, and is of undoubted value as a mecha- 
nism for heat exchange. So long as the temperature gradient is favorable the 
increased flow of air over the vascular membrane would clearly increase the heat 
losses from the wing. 

For five minutes this flapping was adequate to maintain the body temperature 
at a constant 32.6°C. This fact may indicate that this temperature is the opti- 
mum internal temperature. The ambient temperature during this time had 
reached and eventually exceeded the internal temperature. The rate of flapping 
had gradually risen to about three beats per second. In spite of the increased 
ambient temperature to above that of the body, and the consequent reversal 
of heat flow, the higher rate of wing flapping continued and the body tempera- 
ture rose in response to increased external temperatures. The flapping increased 
in rate until, at 34.7°C. internal temperature, the animal began alternating the 
flapping with a fanning of the completely spread wings. This beating of com- 
pletely open membranes would last from five to ten seconds, then the rapid 
flapping would resume for approximately thirty seconds. At 38.2°C. a convulsive 
wrenching action of the body was made in an attempt to free the bonds. At 
38.7°C. the bat began a constant fanning of the outstretched wings, which lasted 
the next 26 minutes of the experiment, at the end of which time the fanning had 
slowed appreciably and the animal showed signs of extreme fatigue. The environ- 
mental temperature leveled off at about 40.6°C., at which time the internal 
temperature became nearly constant at 39.0°C. The constant fanning of the 
wings was apparently adequate to maintain this lowered temperature, a con- 
dition suggesting the possibility of some heat loss by evaporative cooling or 
radiation of heat to the refrigerator walls. In order to prevent the death of the 
experimental animal, it was removed at this time from the chamber. The animal 
was weak, but showed a strong inclination to fly, until apparently cooled by the 
room temperature, at which time it relaxed. 
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These experiments seem to indicate that Macrotus is better able to regulate 
its internal temperature than is Myotis. This would at least be a factor in the 
obligation to migrate which is apparent in certain species of bats. Stager (1939) 
has found that Myotis velifer was present in the Riverside Mountains from April 
7 to August 28. During the midsummer period this species is found in great 
numbers, while there are very few in spring and in fall. The animals are found 
during winter in the regions of southern and central Mexico, apparently having 


] 


migrated from the northern and, in winter, less temperate regions. Macrotus 
californicus, however, is found at any time during the year in the Riverside 
Mountains. The temperatures of resting Macrotus in winter at the roost have 
never been reported. It appears from our experiments, however, that this form 
is prone to regulate and maintain an internal temperature higher than that of 
the environment though tl 


elifer, however, has shown little regulation at the lower ambient temperatures. 


e ambient temperature may be very low. Myotis 


[t being a tropical form, the lack of ability to regulate efficiently is not surprising, 
though rather efficient thermoregulation has been reported in the case of Pteropus 
Burbank and Young, 1934 

One of the most interesting results of the experiment is found in the fact that 
even when the environmental temperature was considerably above that of the 
animal the bat still continued its rapid wing motions. Normally, this beating 
in the heated air would serve to generate internal heat and would also promote 
heating the wing and blood passing through it. Nevertheless, as may be seen 
from Figure 2, the body temperature was rather effectively maintained at a 
sub-environmental level, clearly indicating the existence of an effective heat 
dissipating mechanism. Although this circumstance may indicate the presence 
of evaporative cooling from perspiration on the wings and ufopatagium, radia- 
tion losses are equally probable. No sweat glands have been discovered in his- 


tologic investigations of the wing tissues, and, therefore, it seems probable that 
heat loss must take place by means of respiratory evaporation or movement of 
imperceptible water vapor from flight membranes, or by radiation to the sur- 


rounding walls of the refrigerator. 

In the Lump-nosed bat, Corynorhinus rafinesquei pallidus, it has been shown 
that to be capable of flight the rectal temperature must be at least 24.3°C. This 
was determined by repeatedly pushing a torpid bat from a four-foot height. The 
animal would fall onto a pad on the floor until a body temperature adequate for 
flight was attained by the bat. Immediately upon the first sign of flight, the 
animal was captured and its rectal temperature ascertained. 

In Myotis yumanensis about 15 minutes were required to raise the tempera- 
ture from 11.5°C. to 31°C. This temperature rise was due in part to assimilation 
of ambient heat, and in part to the shivering mechanism previously mentioned. 
When tossed ten feet into the air, an animal with body temperature of 30 degrees 
centigrade fluttered down to the floor. At 31 degrees, it was barely able to fly 
with awkward, jerky movements. At 33 degrees rectal temperature, the bat was 
capable of dodging and avoiding obstacles in the room while flying, and was 
also able to launch flight by jumping vertically from a flat surface. 
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When kept in constant flight for four minutes, Myotis yumanensis raised its 
temperature from 33° to 40°C., thus elevating its internal temperature about 
1.7 degrees per minute of flight. By keeping the bat from landing on surfaces in 
the room, in another trial, it was kept in flight for 30 minutes. At this time the 
body temperature was 40.8°C. Thus, in flight, heat is dissipated from the body 
at about the same rate as it is produced in the flight process. Since this heat 
was sufficient to elevate the body temperature 7 degrees in the first 4 minutes of 
flight, it is evident that the amount of heat that must be dissipated from the 
body during normal flight is considerable. 

The mechanism of rapid heat dispersal in bats has been reported by Cowles 

1947). The ratio of naked vascularized areas of wings and uropatagium to 
insulated fur-covered body has been determined by use of a planimeter, and is 
impressive. In the Nearctic bats measured, this ratio varied from approximately 
+ to 1, in Epte SiCUs fuscus, to 8.5 to 1, in Antrozous pacific us. As nearly as could 
be obtained from tracings, the tropical fruit bat, Pteropus, demonstrates a ratio 


of 11 to 1 of vascularized and naked to fur-covered, insulated areas. The naked 


regions of the body of the bat are comprised of the wings, uropatagium, and the 
ear surfaces. All of these parts are heavily vascularized with large ar 
veins, and especially with very fine ramifying and anastomosing capillaries. The 
membranes are thin, except for parts of the ear, and the vascular tubules are 
very near to the surface, most being exposed to both surfaces of the membrane 


Nicoll and Webb (1946) have investigated the process of circulation within 


the bat wing, especially as it might aid in the understanding of human capillary 
circulation. They have shown that there is an extensive system of precapillary 


sphincters within the naked membranes which, through vasomotion of thes¢ 


muscles and the arteriole walls, rhythmically, but not simultaneously, flush the 
capillary plexi with blood They have concluded that this is a mechanism which 
allows a minimum volume of blood to serve the metabolic needs of th ssu 
Only a fraction ol the total volume ol blood which Vi uld be necessat t en- 
tirely fill the capillary beds in the membranes is involved in fulfilling t meta 
bolic needs of these regions of the body. 

In Myotis, at internal temperatures up to about 39° the small lood 
vessels, while readily perceptible, appe% collapsed, and the blood ntent 1s 
low. This condition is illustrated in Plates I, upper, and IT, upper, which shov 
the normal appearance of the ving vessels 1 hile the nin Is 1n a resting state 
When the bat is further heated until the internal temperature is 41 degrees 
approximately, or higher, there is a sudden flow of blood from the larg: essels 
leading into the wings, into the capillary plexi of the 1 d membran Phis 
engorgement is rapid and completely fills the entir iscular system of th ngs, 
uropatagium and ears. The precapillary sphincters have apparently rel l, and 

is apparent that blood normally circulating in other parts of the body, most 
probably the viscera, has been shunted into the pel pheral vascula system 
Looking at the smaller vessels through a dissecting scope, it is seen that thes 
vessels are dilated and expanded by the pressure of the circulating blood, (Pl 


lower, and IJ, lower). 


This process is not an all or nothing response, as there is a slight increase in 
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blood in the naked membranes at about 39 degrees, though this point differs 


oO some extent In 


‘comprises the simultaneous 





Upper: Wing of V 


temperatures up to abo 


Lower: Wing of V/ 


served at rectal ten 


of the pre capillary 
rapidly and extensi\ 
Especially during 


various trials. However, 


the final emergency engorgement 


vasodilation of the smaller vessels, and relaxation 


sphincters, thus allowing maximum volume of blood to be 
ely circulated in the very thin membrane 


flight, the cooling air very rapidly is passed over the surfaces 
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of wings, uropatagium, and ears. Without doubt, heat dissipation from the 
wings is very rapid during the period of emergency engorgement. A. D. Moore 
(in litt.) expressed the view that a thermal difference of 1°C. should serve to 
dissipate all heat of metabolism. This engorged condition has been observed 
under strictly artificial, and also under more natural, conditions in the labora- 
tory. By means of infra-red heat lamps, the temperature of the air was raised 
to a point where bats confined in a wire cage attained body temperatures of 
over 40°C. As the temperature of the animals approached 33 degrees, rapid 
movements of half-opened wings were initiated. At 34°C. the series of fanning 
movements with the outstretched wings of about five seconds duration were 
alternated with the beating of the half-opened wings for about 30 seconds. At 
38°C., the constant fanning of the fully-opened wings was initiated. As the 
temperature of the environment continued to rise, so did that of the body, 
though not in direct proportion. The fanning showed slight cooling efficacy, 
because the internal temperature increased to 42.5°C. when the complete en- 
gorgement occurred. At this point the body temperature leveled off. Fanning of 
the wings was continued for several minutes, at which time the animals showed 
signs of extreme fatigue as indicated by a slowing of the wing beat and decrease 
in the strength of fanning movements. The animals were, therefore, taken from 


the system. When the animals were heated in a confining area, in which no wing 


movements could take place, but in which air circulation was similar to the 


larger cages, the individuals died when their body temperatures were increased 
above 42°C. The exact point of expiration was difficult of determination, due to 
the animals’ primary collapse. 

To determine the extent to which this heating occurs under natural conditions, 
individuals of Myot manensis were made to fly continuously for periods up 
to 30 minutes, with a room temperature of 28.5°C. One individual flew for 30 
seconds; the body temperature was 39.0°C. and no engorgement was in evidence 
\ second bat flew for five minutes; the body temperature was 40.0°C. with no 
ion. A third animal flew for fow 


degrees centigrade with no vasodilation. The fourth animal flew for 30 minutes, 


asodilat inutes, body temperature was 40.3 
being kept from landing during this time by the operators. The body tempera- 
ture was 40.2°C. Vasodilation and complete engorgement were apparent upon 
his capture. Thus it would seem that the mechanism of circulation of blood 
thre igh the heavily 1 ascularized membranes was resorted to only during emer- 
gencies, as in especially prolonged flight. How long the engorgement continued 
in the latter case before it was observed at the end of the experimental period 
is unknown. 

The return of the animals from the engorged condition to the natural state 
involves graduai elimination of the blood from the vascular membranes. This 
takes place over periods up to 15 minutes in length. Very possibly, this is carried 
out by the process ol vasomotion, which has been described extensively by Nicoll 
and Webb (1946). In all cases except where heated in a confining space, the 
animals remained alive after experimentation and appeared no worse for their 


experiel ce, 


— 
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The method of photographing the wings of bats, employed by R. B. Cowles, 
consists of using the wing itself as a “‘projection negative” and, with the aid of 
an enlarger, producing what is in reality a negative print. From this a photo 
graph was obtained and used for a second projection. The greater the amount 
of blood in the vessels the greater will be the density, and, thus, the engorged 
vessels stand out as light lines against the background of the membrane, which 
is more photopermeable. 

This thermoregulation at high temperatures is not only important in regula- 
tion of somatic temperature, but also maintains the body below the theoretical 
maximum that might involve the thermal tolerance of the male germinal tissues. 
Because of the relatively high body temperatures of the Microchiroptera, and 
the remarkable heat generation during flight, it is of interest that these animals 
are exceptional in another manner, namely, in most species of Nearctic bats, 
spermatogenesis is carried on during the hottest months of the year (July, August, 


I 
and September) followed by testicular inactivity during the period of winte: 
hibernation. In this respect these animals differ markedly from the usual spring 
breeding encountered in most temperate zone vertebrates. This hot weathe1 
mating of the bats may be associated with their tropical origin and thus it may 
function as an adaptation that makes possible their invasion and occupation of 
the temperate zone. However, before it can be concluded that this hot weather 
breeding places the bats in the category of exceptions to the rule of thermal 
spermatogenic sensitivity, it should be remembered that they are nocturnal, 
that nights are lengthening and daytime hours diminishing from June 21 onward, 
and that their temperatures are more dependent on a combination of activity 
and external conditions than is true of many animals. Of even greater importance 
is the location of the testes during this spermatogenic period. In breeding bats, 
the testes descend into the uropatagium where cooling should be fully as ade 


quate, if not more so, than in a more conventional scrotal arrangement. 


DISCUSSION 


In line with the expectation that at environmental temperatures above thx 
optimum for the body there would be a diminution in the membranous blood 
supply, the bats were subjected to external heat loads which raised body tem 
peratures to 42.5°C. This is apparently the lethal for Myotis yumanensis 

Contrary to expectations, there was no diminution of the blood supply at this 
high external temperature, and a re-examination of the problem suggests the 
logical probability that bats could achieve little or no relief from overheating 
resulting from externally high temperatures. This condition may be due to the 
necessity of maintaining at least a minimal supply of blood in the tissues of thi 
membranes. In line with all cellular physiology, metabolic activity presumably 
would be increased by high temperatures and a reduction of the flow of blood 
might jeopardize the health of the membranes. If this is the case, then bats must 
avoid environmental temperatures above their optimum, since, without evapora 
tive cooling, heat would be absorbed and transmitted to the body. If this is a 


correct interpretation of their problems, daytime roosts in caves or forests ar 
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essential to survival, and nocturnal flight when the spread wings would not be 
exposed to heat must be obligatory. The exposed roosting places of some of the 
flying foxes seem contradictory and may subject them to the danger of over- 
heating, but it has been noted that they engage in considerable fanning activity, 
and there has been no analysis of environmental condition, nor record of internal 
temperatures. 

One of the unexpected observations resulting from these studies has been the 
marked aversion of these bats to exposure to moderate heat from an infra-red 
source. The animals are apparently extremely sensitive to heat intensities that are 
barely uncomfortable to the human hand, and it was noticed that they preferred 


to move toward the intense light of a 60-watt bulb placed twelve inches away 
rather than seek darkness in the direction of the heat lamp. The exact locations 
of the heat sensitive areas were not discerned, but in the preliminary tests it was 
noticed that the face and ears seemed particularly sensitive although the wings 
also react and are withdrawn from even moderate temperatures in a manner sug- 
gesting delicate heat perception. In the red bat (Lasiurus borealis teliotis) a 
humanly gratifying temperature (31°C. on an unblackened thermometer, and 
59°C. on one with a blackened bulb) caused the wing to be withdrawn sharply. 
Both heat and cold result in a precipitate folding of the wings, and in the closed 
position the membranes are thrown into innumerable very small plicae that re- 
sult in the formation of multitudinous air pockets. This arrangement should 
retard both heat loss and absorption 

The shivering mechanism, possibly in conjunction with other heat producing 


processes, is utilized to raise the body temperature of the torpid bat to the mini- 


mum level necessary for coordinated muscular activity. Therefore, the daily 
fluctuation in the animal’s temperature, found even in the parts of the year dur- 
ing which the animal is active, may be influenced to a great degree by the animal 
itself, by initiation of heat-producing or heat-dissipating activities. However, 
there seems to be an environmental temperature maximum and minimum beyond 
which the animal is unable to maintain its temperature within the range of ther- 
mal tolerance without initiating flight or a rapid fanning, presumably for the 
purpose of evaporating moisture from the membrane surfaces or, if the environ- 
ment is colder than the animal, losing heat by radiation. 

Apparently the large Megachiroptera, the tropical fruit bats or flying foxes, 
have relatively stable temperatures. Burbank and Young (ibid.) point to the 
notable difference in temperature regulation that exists between these animals 
and the Microchiroptera, namely, that in the fruit bats shivering starts when 
body temperatures fall, and thus chilling is prevented, whereas in the Micro- 
chiroptera shivering is employed only on waking and is thereafter used to 


generate the desired temperature. 


SUMMARY 


In vertebrates « ipable of true flight, a great excess of heat is produced during 


periods of locomotion. In bats of the suborder Microchiroptera, the vascular 


system of the wings is modified by a series of precapillary spincters which 
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At rectal 
, emergency thermoregulation is apparently necessary, 


and 


of blood to nourish the membrane. a 


amount 


t 40 


lar network of the wings uropatagium is flushed with 


1 shunted from other parts of the body . This mechanism, : 


creat amount of heat to be conducted from the membrane 


ir in a short period of time. 
iods of activity, these bats are essentially poikilothermic. A 


chamber was used to simulate changes 


in ambient tempera 


| environment. It found that envir 





ture typical of the natur% it was 1en the environmen 
7 ] Ty1¥ ] , ] ied 1 ye +h y ] ? y y re * f 
ai temperatu iowered to 9 centigra le une |} i tel erature ol Spt 
men of M yol with slight thermal lag, fell to 5.8°¢ Wi noweve!l cted 
ainerentiy to if ered ambient temperature, as uppe s » re culate ne 
nal temperature h some efficiency. When the temps ot the enviornme! 
dropped to 5.7°C., the rectal temperature of the | lat a level of 18.0° 
These data correlate ith the habits ne respecti nimals; My 
migrates southward during the cooler parts of the ye Vacrotus ce 
may be found in its typical localities throughout the en ( 

acatiie til ay eee ky ee ee | : — 

In activating emseives Irom the cold lethargy ie I employ f 
pedient of shivering, which apparently is effective in raising body temperature 
to a level sufficient for flight; in M yol nant 1e minimum thermal ( 
for flight is about 31° 
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Charles Frederick Holder. On its reverse side the print carries the notation 
“Sept. 6, 1936/opp. end of 25th St. on Beach/ Balboa, Calif.’’ Since Holder was 
a competent naturalist, there can be very little doubt as to the authenticity Ol 
the data 

It is obvious that this photograph represents al adult pygmy sperm whal 
It corresponds verv well with the photographs published by Scheffer and Slipp 
and almost surely represents the same species, whether or not more than on 
kind of Aogia be recognized. Agreement is good in the dark color; in the short 
flippers l the laterally turgid head, with the eves at the summits of bulbous 


Dv the shi nkage ol the snout): in the very 


vellings (presumably exaggerated 
strongly projecting and bluntly pointed snout and in the short, inferior, at 


teriorly rounded mouth, with the sides of the gape rather strongly divergent 





posteriorly t certainly does not represent a young sperm whale, Physete 


Caiodoi | ll 


naeus, for the head and the jaws are of quite different shape It re 





sembles no recognized species other than Kogia b ceps. Dr. Remington Kellogg 
has concurred in this identification 
Second California specimen The second specimen came ashore during a 
olent onshore storm, presumably on the night of December 9. 1949. Still alive 
: discovered by Ray Rigen ol Imperk | Beach about 8:00 uM. on December 
10, on the sand beach opposite Tijuana Slough about one-fourth mile north of it 
outle hpetweeh Sal Diego Bar ana the Vi sical orag \I Riggir promptly 
notified Scripps Institution of the find. Following our advice he, with the help of 
neighbors, tethered the odd beast by a hause te ster STAKE to prevent 
being shed to s¢ rv the coming tide. The A ogi as still breathing when | 
irrived on the scene about 10:30 a.m th volunteer assistants from the | 
stitutio \fter washing down the somew hat desiccated sl th water from the 


sul e rolled the littl hale onto a tarpaulin and dragged it across the sandspit 
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nto the lagoon. We then pulled it by the heavy rope, tail first, toward the end 


of the road about one-half mile north. Gradually, in its natural medium, the 


nimal recovered enough strength to give several of us quite a struggle. About 
oon we pulled it over a timber ramp onto a stake truck, covered it with wet 
blankets and then hastily drove to Scripps Institution. On arrival about an hour 


iter the whale gave proof of having survived the trip by breathing heavily, but 





( nd daorsa ews espe ta pvgen sperm whale collected near 
mperial Beach, December 10, 1949. Photographs by John B. MacFall, Scripps 
Institutio Occ yu 1) 1949 
failed to recover despite efforts at artificial respiration, after being promptly 

nmersed il idequately laren eonecrete tant 
During the following day the choice specimen, stil excellent condition, was 
hotographed from rious angles (Pls. II-III), measured thoroughly (Table 1 
eon J. Pray for a lifelike display ow on exhibit at the San Diego 
seum of Natural Histon d mmpletely skeletonized tor the growing 
( ollection of the San Diego Society of Natu History. Samples of the 
yhel rer itilized in unde ter sound rest cl it Scripps Institution 
ne In nr ¢ ergy Ss lel 0 ( ( LISS( 0 0 | lescription of 
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TABLE 1.—Exter? surements of pygmy sperm whale from near Imperial Beach, California 


\ sure exct I en re made i straight line between specified 
a } iin a | thest tip of flukes 2490 
Line joining tips of flukes 2465 
Not ‘- oF tiealne 2345 
{ ‘ ‘ * 
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F re orig ) S7 
the internal anatomy. The external characteristics, however, were noted in some 
detail 
Descriptior of the In pt rial Beach specimen. li top view Pl. II, 3 this un- 
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bloated specimen was slick and streamlined, with a rather sharply pointed snout 
and a very slender caudal peduncle. The area of greatest cross-section was located 
at 37 per cent of the distance from the entering wedge to the end of the tail race- 
approximately at the location (36 per cent) to be expected in a perfectly stream- 
lined body. In side view (PI. II, 1 and Pl. III, 3) the head was subrectangular, 
with a steep curve from the preposterously small mouth to the very broadly 
rounded snout. The dorsal contour was slightly convex in a region just above 
and behind the eyes and was gently curved between the nape and the dorsal fin. 
As seen from below (Pl. III, 2), the head was very broad behind the subconical 
snout, with only a slight bulge in the general region of the eyes. The high dorsal 
keel of the caudal peduncle was weakly continued forward into the postdorsal 
keel (Pl. II, 3). The form of the fins is shown in the figures. 

The upper parts were dark gray with a somewhat bluish tinge, becoming 
almost black dorsally. The head was dark downward well toward the mouth and 
in a circle around the eye. About halfway between the eye and the tip of the 
snout the light color extended upward to well above the middle of the height of 
the head. The tip of the chin and the adjacent parts of the snout were dark 
(Pl. III). There was a large jet-black blotch on the right side, between eye and 
mouth. The dark color of the back, diluted to gray, extended downward to the 
blackish-topped flippers and to the same level for some distance backward 
(Pls. II and III). Behind this area, the whitish to light-gray ventral color ex 
tended across the lower half of the trunk. Behind the anus the dark color dropped 
downward to cover the ventral keel and, with some dilution, the lower surface 
of the flukes. The flippers became abruptly white on the inner surface (Pl. I 

\ pair of very striking bracket-like marks, which I have not seen figured o1 
described, were symmetrically disposed on the two sides of the head betwee 
the eye and the flippers (Pl. II, 1; Pl. III). Most of the mark, including all of th 
upper part, was whitish, but the lower parts were bounded behind by a blackish 
streak that became narrower and darker around the lower hook. This mark 
looked strangely like the gill opening of a teleost fish, but I see no significance in 
this resemblance. 

At the forward-hooked upper end of this mark, not far behind the eye, ther 
was the small external opening of the ear (Pl. III). Charles L. Camp informs me 
that he found the ea opening at this end of the color mark in an adult femal 
that was stranded years ago near New York, and in its embryo, and, furthe 
that he located, in both the female and the embryo, near the lower end of the 
mark, an opening that led into a large, presumably glandular, cavity. It seems 
probable that the mark is characteristic of the genus. 

The few slightly incurved needle-like teeth diverged rather strongly on thi 
sides of the mandible (PI. IIT, 1 

No pathological conditions were noted to which the stranding or death of 
the creature could be ascribed. A very large copepod of the genus Pennella (PI. 
III, 3) was attached dorsolaterally, about equidistant from eye and snout tip 
On the right flank in advance of the anus there was a large curved scar, well 
healed (Pl. II, 1). There were other healed scars, possibly produced by other 
males in combat, on the side of the snout (Pl. III). The stomach was empty. 
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Sex and maturity.—Despite its small size, less than 8 feet overall, the Imperial 
Beach specimen was an apparently mature or nearly mature male. The scars just 
mentioned suggest maturity. The skull bones seemed to be thoroughly ankylosed. 
Each testis was about 1 x 4 inches in size and the penis was about 18 inches 
long. 

It may be a coincidence, of course, that the specimen reported from Washington 
by Scheffer and Slipp was also a male, but it may well be that only males wander 
far to the north. That is the habit of the sperm WV hale, Physeter ¢ atodon Linnaeus. 
Confirming published accounts, officials of the two whaling stations that have 
been operating recently off western North America (at Fields Landing, northern 
California, and at Coal Harbour, British Columbia) have reported that they have 
very seldom taken a female sperm whale 

Distributional considerations.—Geographically and ecologically, these record 


the broad gap between the previ- 


stations in southern California nicely bridge 
ously reported regions of occurrence on the Pacific Coast of North America, 
namely in the Gulf of California and in Washington. 

No critical consideration is here given to the current view that all kogiids 
are referable to a single species. The accepted idea of the cosmopolitan distribu- 
tion of a single species finds support in the broad distribution of pygmy sperm 
whales through tropical and temperature seas, as determined and mapped by 
Hirasaka (1937, pp. 119-122, map 1) and as confirmed by the more recent re- 
ports, including Edmondson’s (1948) records from the Hawaiian Islands. 

The new eastern Pacific records, however, do not confirm Hirasaka’s opinion 
that in temperate regions Kogia is confined to warm currents of tropical origin 
and that the young are found only in the more tropical parts of the range. The 
three or four recent Pacific records all lie in regions of cool currents and much 
upwelling, far from flows of tropical origin. Similarly, the east coast of the South 
Island of New Zealand and the southwestern tip of Africa, from each of which 
there are several records, are not subtropical. The relatively numerous records 
from the east coast of North America, from Florida to Nova Scotia (Allen, 1937, 
pp. 19-24), do suggest an especial abundance in waters tempered by the Gulf 
Stream, but the few reports from Japan (Hirasaka, 1937) hardly justify the 
generalization that the pygmy sperm whales are commonest in warm currents of 
tropical origin. Nor does the small size (1885 mm. to notch in flukes) of the speci- 
men from near Grayland, Washington, confirm Hirasaka’s opinion that the 
young occur only in the more tropical parts of the range of the species. We may 
conclude that Kogia is widely distributed around the world in temperate as well 
as tropical waters. 

Kogia breviceps is the third recent addition to the known whale fauna of the 
western United States. The other two are the beaked whales, Mesoplodon 
bowdoini Andrews and Ziphius cavirostris Cuvier (Hubbs, 1946, and subsequent 
reports for Ziphius 

Gastronomic considerations.—Having enjoyed eating the flesh of the Mesoplodon 
reported in 1946 (it was particularly welcome during the war-time period of red- 
meat shortage), the staff of Scripps Institution and friends ate a large part of the 
deep-red flesh of the pygmy sperm whale. Reports ranged from disgust to en- 
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thusiasm. I thought this flesh to be somewhat stronger in flavor and less de- 
lectable than that of the beaked whale. No ill effects were experienced by any 
who partook of the meat of either species. In this connection we may recall 
published statements to the effect that the flesh of beaked whales is considered 
poisonous in Norway (a supposition that may well be unfounded) and that sperm 
whales (Physeter) are rated low as human food. 

Acknowledgments.—I am happy to express appreciation to Ray Riggin of 
Imperial Beach, who found the pygmy sperm whale just discussed, secured it, 
and aided in its transport, and to various colleagues and students at Scripps 
Institution, including Sam D. Hinton, W. E. Barraclough, Al. A. Allanson, 
Frederick H. C. Taylor, and, as usual, my good wife, Laura. Remington Kellogg. 
Victor B. Scheffer, and Charles L. Camp generously furnished data 
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AN ANALYSIS OF THE REPRODUCTIVE PATTERN OF 
WHITETAIL DEER IN SOUTH TEXAS 


By Denis Iuiat 


Because a species may vary considerably in its breeding habits at different 
latitudes, a study was undertaken to gather specif e data on the reproductive 
behavior of the whitetail deer, Odocoileu raqiunianus texanu Mearns q in 


southern Texas T he three obit cTlves OT the stud were: | to determine more 


accurately the period and duration of the breeding season 2) to provide data 
on breeding success nd 3 to ascertalr some ol the physiological and ana- 
tomiral changes in the male and femal correlated with the annual cycle of 


reproduction 


The population s mples pro iding the dat vere from Kenedy, and Kleberg 





counties, Texas, collected primarily by Richard B. Davis for a study of the food 
habits and numbers of deer on the live oak—mesquite ranges of South Texas. 

Materials and field data for the investigation were collected by Dr. William 
B. Davis, Richard B. Davis, and me from September, 1948, to March, 1950 
Techr ue and dat resulting from whitetail de investigations in New York 
} (‘h nT QO4! (} rn ’ VI tor 1942. 1946 Cheatun and Sever 
ng] 1950 I Severinghau 949) pr le ground rk for this 

udv. Dr. R. O. B Departm Ani H nd is A. and M. 
Colleg nere € S I luring tl ( rst vf the study 

G | 1 D > oll T de eA h 
mo! I on ‘ ( study ( llected five specimens per 
I f onl) ! \ ipt s made to provide two age 
clas or ¢ n additior I I ¢ St lechniques, particu 
lar! is develope yy Severinghau 1949 ter demonstrated that it was not 
possible to separate all vearlings fron Its in the field. on the basis of size 
and genet ippearance. We removed the reproductive tracts of both males and 
females in the field, but took no field measurements of them prior to February, 
1949, whe assumed lity for the study. I was in the field with Richard 
B. Davis about three days each month to assist with collecting, to take measure 
ment o make personal field observations, and to co-operate with the food-habits 


1d We recorded the standard measurements of total leneth, length of tail, 


and length of hind foot of each deer, as well as measurements of chest girth 
ind weig! » the nearest half-pound, first entire and then eviscerated. Later in 
ti stud he lows iws were remove und saved for laboratory checks on the 


\t first the complete reproductive tracts were preserved in 10 per cent forma- 
lin. Later, in an attempt to improve preservation for histological study, I used 
Bouin’s solution for a small piece of testicular material and the ovaries, and 
ixed another small piece ol teased testis in acetic alcohol to have material 


available for determination of chromosome number. Comparison of earlier 


collected material preserved in formalin with that fixed in Bouin’s indicated 
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that the special preservation did not result in preparations sufficiently improved 
to warrant the use of the extra time and «ffort 


Laborator j anal 4s of male reprod ictive tracts In the lal oratory the remain 
ing whole testis was separated from the tract, the epididymis removed, and its 
volume determined by positive displacement of water. The apparatus used for 


volumetric studies was a modification of a standard manometer design “d for 


determination of gas volumes. It was simple in construction and operation, con 
sisting of a 50 ml. burette graduated in tenths of a cubic centimeter, a length of 


ruphe tubing Aves e] large enough to hold the testis ‘lamps to hold the burette 


and the receiving vessel, and a straight edge for a reference line. 
The apparatus was filled with water to a reference line placed about midpoint 


on the receiving vessel, the level of the liquid was recorded and then a testi 


vas placed in the receiving vessel. By lowering the burette until the meniscus 
TA? t ( fests { | Y 
antle } ta 
MBER : VERA 
TE I R E V LUME 
MEASUR LICR i 
Ju \ eg g to fo 2 5 8.4 
| ¢ ¢ wrke { 9 07 N 
\ugus I \ r 14 ) 
me a) SI g et begin ( 7 97. 5 
0 She ng é ontinus . 30 t 
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lant A ¢ ¢ ahe 0 17 
Fel She j ha ou 2 17.2 53 
M Most have she { ~ 8.5 6 
Anr Ne g Y S p. 7 059 
{ 4] : ube in velve 9 99 § g 0 65 


in the receiving vessel returned to the reference line, we derived a second read 
ing and recorded the difference between the two as the volume of the testis in 
cubic centimeters. A check of the apparatus by using known quantities of 
water introduced by a pipett graduated to .01 milliliter revealed the method 
to be accurate within one per cent. 


Testicular volumes were recorded for specimens collected in each month and 
I 


the average size tabulated (Table 1). The average volume increased appreciably 
from August to December and decreased from January to March, with the 
minimum size occurring in April and May. To reduce the possibility of intro 
ducing the factor of animal size into size measurements of testes, the ratio of 
volume of testis to total length of animal was calculated. Estimating an erro 
of plus or minus three inches in measuring the total length of specimens in 
field, the calculated percentage of error between the largest and smallest animal 
was approximately 7.5. The monthly ratios are shown in graph form (Fig. 1 


If the volume of a testis is a reliable indication of sexual activity, the ratios 























Nov., 1951 ILLIGE—DEER REPRODUCTION 113 


should depict a true index to the ascent, peak, and wane of male reproductive 
capacity in whitetail deer regardless of size of animal. This ratio is at a stable 
level in April, May, and June. In July and August there are slight increases 


each month. The September collection showed an increase in the ratio nearly 


60 r- 
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double that for August. Smaller increases occurred in October, November. and 
December, with the peak in December 

The January collections showed a marked decrease, nearly to the level of 
the September-taken specimens. About the same magnitude of decrease occurred 
in February and March, then a slight decrease from March to the April, May, 
and June level. 
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Standard histological sections, 15 microns thick, were prepared from the 
piece of tissue removed from one of each pair of testes in the field, stained with 
haematoxylin and eosin, and then examined for presence or absence of sperm. 
\ calibrated ocular micrometer for a microscope was used to determine the 
diameter of the seminiferous tubules, using the average of ten measurements 
for each of 39 specimens. 

In order to determine what relationship, if any, exists between the volumetric 
changes of testes and the average diameter of tubules, the average monthly 
ratios of testicular volume to tubular diameter were calculated. These average 
ratios have a correlation coefficient of 0.95 with the average ratios of volume of 
testis to total length of animal. In the absence of experimental evidence showing 
that increase in size of testis is primarily caused by increase in diameter of tubule, 
the high correlation figure indicates only that for corresponding periods in time 
when the volume of the testes changes, the diameter of the tubules tends to 
remain about constant. Thus, the magnitude of change of the diameter of the 
tubules does not appear to be sufficient to account for the large variation in 
testicular size from breeding to non-breeding season. 

Field observations of male activity ——During the study period, Dr. W. B. Davis 
R. B. Davis, and I kept records of observations of the physical conditions and 


’ 


behavior of deer that might reflect sexual activity. The records of collections 
made on monthly trips to the study area and those records made by R. B. Davis 
during his period of full time field study (June, 1948-June, 1949) provided the 
following data. 

The earliest date on which a collected specimen had shed his antlers was 
February 5 (1949 collection); March 30, 1950, was the latest date for a specimen 
with a full set of antlers. There were no records of males with shed antlers prior 
to February 1, nor of males with antlers of the previous season after April 30 
On May 1, 1949, an adult male was collected that had recently shed his antlers 
I believe that the above-stated time span rather accurately covers the period In 
which most adult males in the study area shed their antlers. 

Development of antlers begins very early in the year in fawns, the earliest 
record of a specimen having small nubs was on January 7. Development in 
adults begins later, of course, as the new growth begins about two to six weeks 
subsequent to the shedding of antlers (Asdell, 1946). Small nubs were present 
on an adult male collected on April 13, 1949. Prior to this date, males with shed 
antlers exhibited no new antler growth, showing only a scab-like appearance 
of the pedicel. The latest date on which an adult had only small nubs was May 
6. By June 3 (1949 collection) the antlers were forked and by the first week in 
August most of them had two or more points. 

Wislocki, et al. (1947) pointed out that the development and shedding of 
antlers are under the influence of both pituitary and gonadal hormones. Ex 
periments conducted by Wislocki and his colleagues indicate that antler develop 
m the 
anterior pituitary because their period of development occurs when the testes 


ment is probably activated by a hormone or a hormone complex fr 


are nearly minimal in size and activity. The increase in testicular activity as 
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fall approaches seems to be the factor necessary for the secondary calcification 
of antlers and the shedding of velvet. The shedding of antlers appears to be 
under the influence of a decreasing level of gonadal activity and the increasing 
effects of pituitary activity. Table 1 denotes the relationship between testicular 
volume as an indication of sexual activity and the condition of the antlers ob- 
served each month 

Usually, observers do not recognize rut until it is obvious that bucks are 
running with does, following or chasing them, or exhibiting interest in places 
where does have urinated. In 1948 this first became evident on October 13 and 
14, when Richard Davis saw bucks with a herd of does exhibiting interest in 
doe urine. However, Table 1 shows that an increase in testicular volume had 


begun at least a month earlier. It is possible that during September the rise in 


testicular activity had not overcome the inhibiting effect of anterior pituitary 
secretions. Perhaps, therefore, the stimulus to breed comes only as the effects 
of the androgenic hormone accumulate, which may require about a month for 
accomplishment. The cause for the time lag between seasonal gonadal develop- 
ment and sexual interest is a question dest 


Labo ‘aior 


ing further study 


j analysis ot temale renrod 


ict ; frais { )y aries pro’ ide more posi- 


tive information about the sexual condition of the animal than do the testes 
occurring when the animal is 


Not only is it possible to recognize the condition 
collected, but an estimate of past performance can be made without microscopic 
examination. Cheatum (1949) developed a technique whereby gross observations 
can be used, with a corollary factor, to estimate the number of young produced 


during the previous breeding season. In Cheatum’s study, it was found that 


corpora lutea of pregnancy acquire a pronounced pigmentation while regressing 
after parturition. The regressing corpora of the estrus cycles do not. 
Cheatum op cut states, however, that 2TOSS observations of corpora luteal 
scars of pregnancy are not reliable indicators of ovulation incidence beyond the 
succeeding gestation period. The data on incidence of ovulation and frequency 


oI I 


rtilization derived from the specimens collected for this study are summa- 


rized in Table 2 

The ovulation incidence is the average number of corpora luteal scars per 
female during a particular gestation period. The fertilization frequency is the 
ratio of pregnant to nonpregnant females collected during the breeding period. 
The ovulation incidence multiplied by the fertilization frequency gives an 
estimation of the previous fawn production per female. The estimated previous 
production by females for the breeding season of 1947-1948 is shown in Table 2. 

A comparison of the estimated productivity with embryo counts should 
reveal the limits of accuracy of the estimate. As shown by Table 2, this appears 
to be the difference between 1.41 and 1.28 young per female 

These two figures, 1.41 and 1.28, are not directly comparable, however, and 
cannot be used for checking the reliability of the estimated production. Since 
no better indication of productivity is available from this study, it seems prob- 
able that the actual productivity lies within the range of 1.28 to 1.41 young 
per female. 
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Applying the formula expressed by Kelker (1947) r = (1—fy), where r is the 
rate of increase, f is the sex ratio, and y is the average number of young per 
adult female, the range of the rate of increase on the study area appears to be 
from 64 to 70 per cent annually. This is assuming an even sex ratio in adult deer, 
but does not take into account fawn mortality. Further study is needed to as- 
certain the actual rate of increase of these deer herds 

3ecause one of the primary objectives of the study was to determine the 
period and extent of the breeding season, it became necessary to determine the 
approximate ages of embryos. Since the only available data are those published 
by Cheatum and Morton (1946) on embryos recovered by autopsy or Caesarian 


section a known time after copulation, a regression coefficient was calculated for 


TAB! a) ’ ] , fort atton f equer and estir ed wre ous productivity 


Number collected 28 12 j 


Number preg 


Frequer of fertilization (per cent 75 )2 80 

Numbe embryo 29 12 4] 
Males 16 3 19 1.36:1 
Females } 5 14 M to |} 
Undete inab] : 4 S 

Numb I corpora iu eal sear 17 5 25 

Number of co or | scar Ps lf 

Ovul cident 1.65 2.0 76 

Ave g oductiv egnal 1.38 1.09 28 
fay 

Valet ‘ verage imb lawns 1.2 S 1.41 
pe é | Is ges OI 1947-48 948-4 


their data. Using standard statistical methods, the estimated ages for embryos 
collected during this study were determined. The standard error of estimate 
was calculated to be +5 days. Table 3 shows the calculated approximate con 
ception date of the 41 embryos recovered from our specimens 

A summarization of the approximate conception dates into 10-day periods 
provides a range of time that includes all the error of estimate of calculation. As 
the starting point for these periods, five days prior to the earliest calculated dat 
of conception was used. The largest percentage of the number of females bred 
in a 10-day period indicates the peak of the breeding season, which in this 
study was from December 15 to 24. Figure 2 gives a graphic illustration of the 
breeding season. According to these data, the season when females are capable 
of reproduction is from about the middle of November to the first week in 
February. The data further indicate that the period from the middle of December 
to the first week of January encompasses the main period of breeding in females 
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Examinations of specimens to determine age revealed that there is apparently 
no breeding by female fawns. This is contrary to the findings in New York 
Cheatum and Morton, 1946; Morton and Cheatum, 1946, 1950), where as 
many as 36 per cent of the fawns were pregnant in areas of good deer range. The 


correlation found by Cheatum (1950) between range condition and incidence 


F ° la South 7 rl I lengths and 
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(BR F MA ROXIM ATE 
ul 
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Febru 5. 1949 8 mber 24, 1948 
Fé l 7 149 52 S Yecember 21, 1948 
Fe u 7 490 2 | l 5 1949 
re tary 23, 1949 5 19 January 5, 1949 
March 5, 1949 129 75 December 20, 1948 
March 5, 1949 138* 78 December 17, 1948 
M h 6, 1949 129 75 De ber 21, 1948 


1949 220 107 December 15, 1948 


\ 
Ant 1949 15+ 102 December 20, 1948 
\ 
‘ 


DI 2 104 265 123 November 30. 1948 
aie 4 49 29 107 December 27, 1948 
April 15. 1949 245 16 December 20, 1948 
Ap Q ) Af f ember 23, 1948 
M 5, 1949 328 5 ecember 11, 1948 
May 6, 1949 279 128 December 29, 1948 
M 6, 1949 324 144 December 13, 1948 
M 6. 1949 340* Li December 7, 1948 
June 949 6" 17¢ December 19, 1948 
June 3. 1949 394* 169 December 16, 1948 
Februar 950 i3 34 January 1, 1950 
February 3. 1950 19 47 December 18, 1949 
February 4. 1950 13 34 January 2, 1950 
March 2. 1950 Q 32 January 29, 1950 
March 2, 1950 77 56 January 5, 1950 
March 2, 1950 118 71 December 21, 1949 
March 3, 1950 101 65 December 28, 1949 
March 4. 1950 125* 73 December 21, 1949 
March 4, 1950 55 49 January 14, 1950 
March 8, 1950 93 6§2 January 5, 1950 
March 8. 1950 116 70 December 28, 1949 


of breeding by fawns indicates that studies of range conditions for deer use 


might reveal a partial explanation for both the negative incidence of fawn 


breeding and the relatively low production of young per adult female in southern 
Texas 
Field observations of female activity.—Evidence of sexual activity in females 


in the field is not so conspicuous as in males. The only obvious display of interest 
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lies in the more passive response of a doe to the persistent attentions of a buck, 
including little or no resistance to attempts at copulation. Also, the does seem 
to urinate more frequently on the metatarsal glands which become caked with 
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distribution of breeding in South Texas whitetail deer, based on embryo 


a vile-smelling substance. Interest of a male in a particular female seems to be 
better evidence of the stage of her sexual cycle than are any of her mannerisms 
or external characteristics. 
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Observations on reproduction of females collected from July through Decem- 
ber are of interest. Those adults collected on July 6, 1949, had large cotyledons, 
flabby uteri, and distended cervices. Also, two specimens had fresh blood clots 
on the cotyledons. This indicated that parturition had probably occurred but a 
few days earlier, perhaps even the previous day. One of those collected had a 
female fawn in attendance. The unsteady walk, small size (74 pounds, 26 inches 
total length), and long remnant of the umbilical cord indicated that the fawn 
was only a few days old. 

Opinions as to the length of the gestation period in whitetail deer range 
from records of 189 days (Cheatum and Morton, 1946) to an estimate of 212 days 
Taylor and Davis, 1947). Asdell (1946) states it to be about seven months, 
Nichol (1938) believes it to be about 200 days, while Cheatum (1949) reports it 
is about 196 days in New York. These reports average 202 days. Nichol (1938) 
found that in captive mule deer, the length of the gestation period tended to 
remain nearly constant for an individual. Thus, with a total range of variation 
possible from 189 days to about 212 days, estimates of the breeding dates of 
does with newborn fawns could be expected to be accurate only within a three- 
week period. With a mean of about 200 days for the gestation period, these 
does which had recently given birth and were collected on July 6, 1949, must 
have conceived about the middle of December 

The uteri of post-partum females remained remarkably flabby and distended 
until the December collections. In none of the animals collected did the ovari 


al 


es 
have follicles near maturity, nor was a corpus hemorrhagicum ever found. 
Despite the evidence that breeding begins in November, embryos were not 
found until January, but they were then at least 30 days old. Accordir 
C 


ri 
iz to 


ieatum and Morton (1942), embryos about four millimeters long are the 
smallest likely to be detected on autopsy. This is a little more than one-! alf the 
size of the smallest embryo recovered in this study 

Further evidence, which supports embryo data, for determining the breeding 
season is the sight record of fawns. In Kenedy County, no fawns were seen by 


R. B. Davis and me during the collecting trip made in the first week of June, 
th 


1949. On the next trip in the first week of July, 1949, we saw many fawns and one 
reterred to above) was collected (Juestioning ol ranch personnel revealed that 
they had seen no fawns prior to June 15. This, of course, does not indicate that 


before June 15, but certainly fawns were not as obvious as they 


none was born 

ere in July. In August it was difficult to determine the proportion of fawns 
that were very young because by that time all of them could move with ease. 
Counting backwards six and a half to seven months again puts the main period 
of conception in December. 

Conclusions. Comparison of the data that depict the breeding season for 
females with the height of gonadal activity in males leads to the conclusion that 
there is a synchronization between the peak of the rutting season for males and 
the peak period for numbers of receptive females. This coincidence of peaks may 
be a normal condition as the herd on the area studied undergoes practically no 
losses from hunting and the sex ratio approaches one male to one female 
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The length of time in which does come into heat governs the breeding season 
entirely. There is no doubt that bucks are capable of breeding long before any 
does have ovulated and long after the last one has experienced an estrus cycle 
Therefore, the cause for differences in breeding season can be determined only 
by discovering what governs the time stimulus for does. Morton and Cheatum 
(1946) postulate nutritional causes related to range condition as a possible factor 
governing fertility. This may also have an effect on the periodicity of breeding 
in females. Wislocki (1943) suggests that although the cycle is initiated by light 
the onset of rut is influenced by decreasing daylight. 

The primary sex ratio, as indicated by embryos found in females collected 
during two breeding periods (Table 2), was 1.36 males: 1 female. Eight of 
the embryos had not developed sufficiently to determine sex. Of the other 33, 


19 were males, 14 females. This is perhaps too small a sample on which to base 


TAB : The probable month of birth of whitetail dee 


tage of tooth development 


) SEX DATE COLLECTEI AGE ESTIMATE PROBABLE BIRTE 
159 M 9-26-49 8 wks 7-15 to 8-15-49 
27 | 9-23-48 10 wks. to 3 n 7-48 
50 I 8-1-49 7-10 mos 10-48 to 19 
7M 11-2-48 41-5 mos 7-48 
70 M 10-28-49 5 mos t } 
152 M S-2-49 10-11 mo 9 10-4 
155 |} 4 4 419 1] mos ~ 
64 | 23-49 ll mo 1s 
74 I 11-25-4 114 mo 1! 
4 M §-3-49 ll mo 9-48 
1 | 24-45 13 mos 8-47 
76 | 1] 25 19 ] Ir » 0 1s 
29 M 9-23-48 15 mos 6-47 
a sex ratio. The chi-square test reveals that the ratio is not significantly different 


from 1:1 

Direct application of the age estimate technique outlined by Severinghaus 
(1949) indicates that for South Texas deer his method cannot be used witl 
reliance. Table 4 gives the estimated month of birth for 13 fawns collected as 
specimens. The jaws from these specimens were sent to Mr. Severinghaus fo1 
verification of my age determinations. In three specimens—numbers 155, 164 
and 31—the ages estimated by me differed two to five months from those as 
signed by Mr. Severinghaus. The ages in the table are those assigned by him. 
The embryo data and our field observations do not support the indication that 


fawns are born from October through January, as would be the case for numbers 
150 and 174. 

Summary.—For South Texas whitetail deer, analysis of 96 female reproductive 
tracts and 41 embryos indicates that the breeding season is from November to 
February, with the peak from December 15 to January 3. Breeding success 
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during 1949 and 1950 was approximately 1.28 fawns per pregnant female. There 
was no evidence that fawns breed during their first winter. Bucks begin to show 
signs of sexual activity in September and seemed to be reproductively virile 
until early February. Most antlers were shed during February and March. 
Variations in the diameter of seminiferous tubules apparently do not contribute 
an important amount to variations in testicular size. Age determination by 
eruption and amount of wear on dentition needs further study and verification 
before the method can be used with reliance. 
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FOOD HABITS OF THE RACCOON (PROCYON LOTOR HIRTUS 
IN NORTH-CENTRAL MINNESOTA 


By Lye J. ScHOONOVER AND WiiuiAM H. MARSHALL 


The food habits of raccoon have been studied in several eastern and southern 
states, but little is known about this subject under Minnesota conditions. This 
paper presents data obtained during the summers of 1948 and 1949 while carry- 
ing on a field study of movements and populations of raccoon at the Rice Lake 
National Wildlife Refuge, which is located in the north-central portion of 
Minnesota. Intensive live trapping, tagging, and tracking were conducted on 
four areas, each containing approximately 1000 acres, located in the Refuge. 
Other parts of the Refuge and the surrounding farms were also visited from 
time to time. The Refuge lies near the northern extremity of the raccoon 
range in this part of the state. 

The authors wish to express their appreciation to the Refuge Division of the 
U. 8. Fish and Wildlife Service for co-operation in providing quarters and 
other facilities at Rice Lake. Messrs. Karl Kobes, Frank Martin and Francis 
Gillette were particularly helpful throughout the field work. 

Method.—Each summer, when the study began, fresh scats along the trap 
line were collected and the old ones were destroyed. By keeping a constant watch 
for scats on the trap line, many of them were collected before they were a day 
old. Seats were also collected from traps where it was evident that the scat did 
not contain any of the bait used in the trap. 

The materials collected were spread over a newspaper and thoroughly air 
dried. Occasional stirring prevented lumping and sticking to the paper. Each 
food item of the dried material was then separated and measured in a graduate 
of either 10cc. or 100cc. capacity, depending upon the quantity to be handled. 
To get uniform compaction, the bottom of the graduate was gently tapped with 
the palm of the hand. The “percentage of volume” as used in this paper was 
calculated by dividing the volume of each item by the total volume of all the 
items. The “frequency of occurrence” was calculated in the same manner. 

Reliability of data.—Scat analysis can give valuable information as to food 
preferences and seasonal dietary changes, but the limitations of this work must 
be realized. The first limitation comes with the investigator’s ability to recognize 
the scats sought. 

A second limitation is recognized in the analysis of the scats. Neither the 
volume measurement nor frequency of occurrence gives a true picture of the 
food habits of the animal. Bulky foods such as crayfish and plums are over 
emphasized in a volume measurement. On the other hand, items taken frequently 
in small amounts, such as beetles, are misrepresented in frequency of occurrence 
tabulations. 

Still a third error is believed to be present in the food habits study. It was 
noticed early in the study that frog bones and beetle fragments were frequently 
found in the same scat. Upon examination of 21 leopard frogs (Rana pipiens), 
such items as crayfish, beetles, flies, grasshoppers, bees, mosquitoes, and tadpoles 
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were found in their stomachs. A frog fed dytiscid beetles was in turn fed to a 
captive raccoon. The resulting scat contained frog bones and beetle fragments 
similar to those in scats collected in the wild. What proportion of the beetles 
are taken in this manner is not known. 


It is also quite possible that some fully digested foods were entirely omitted 


from od list. It is suspected that a considerable number of mud turtle eggs 
were taken in July, but no evidence of this fact was found in the scats 
Food ite ecord n 136 uf llected in the mmer of 1948 and 1949 
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Fo j fe data Between June 14 and Sept mber 10, 1948, fifty six scats 


were collected. Between June 22 and September 12, 1949, seventy-nine more 


} 


d to the collection, making a total of 135 


“ 


As shown by Table 1, one of the most striking characteristics of the raccoon’s 


food bits is the great variety of items taken. It will be noticed that 27 different 
items, not counting the various families of beetles and fish, were identified in 


the scats. Crayfish, juneberries, grasshoppers, and acorns were taken in the 
greatest quantity; together these items account for 76.3 per cent of the total 
volume Beetles appeared in the scats frequently throughout the summer, but 
no scats were entirely made up ol these insects, and as a rule, fragments of 


only one or two individuals were present in a scat. 
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Relationship between availability of food and food habits—Phenologica! data 
were recorded throughout the two summers. Notations were made as to the 
dates when various foods became available and when they disappeared, as well 
as a rating of their abundance. Crop abundance was rated as very good, good, 
fair, and poor, based on the quantity present and the ease with which raccoon 
could obtain it. 
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Fic. 1.—The relationship between the utilization and the availability of raccoon foods 
in 1948. The period of utilization, in this and in Fig. 2, in some cases exceeds the period o 
availability because; (1) raccoons sometimes found items that were no longer available in 


} 


the sample plots under observation, and (2) the scats were sometimes not found for several 


days 


On the basis of food availability, the summer was divided into three periods, 
corresponding roughly to the pre-berry period (mid-June through July 10), the 
berry period (July 10 through August 10) and the post-berry period (August 10 
to mid-September). 

During the first period the greatest activity was noted along the river banks 
and barrow pits. Scats found in this habitat were made up almost entirely of 
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crayfish exoskeleton. As evidenced by raccoon tracks, both the crayfish in the 
water and those burrowed in the mud are taken by raccoon. Frequently, burrows 
were found which had been slightly enlarged by raccoon to a depth of from 
three to seven inches. From the appearance of the excavations it seems that the 
raccoon thrust a front foot into the burrows and seek out crayfish by feeling for 


them. Swimmerets, pincers, and bits of exoskeleton remained near the burrows 
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where successful captures had been made. On other occasions crayfish remains 


were found near the water with no sign of a burrow nearby. In such cases the 
crayfish were probably taken out of the water. As shown by Figures 1 and 2, 
the consumption of crayfish increased with an increase in availability. 

A few scats collected from the upland in this period contained oats, acorns, 
parts of birds, small mammals, frogs, immature grasshoppers, and a variety of 
other insects. 


The second period (July 10 to August 10) corresponds to the height of the 
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“berry season.’’ Juneberries are the first of the summer fruits to mature, fol- 
lowed by raspberries, pincherries and chokecherries. Raccoon apparently find 
juneberries to be very palatable and seem to prefer them to other wild fruits. For 
some unknown reason there was an interval of 12 (1949) and 20 (1948) days 
between the time the berries ripened and the time they appeared in scats. After 
“’eoon sign” once appeared at the bushes under observation, there was evidence 
of return trips on nearly every successive night until the bushes were bare. Ever 
after the juneberry season, when only a few dried berries remained on the 
bushes, fresh scats made up entirely of juneberries were frequently found 

The juneberry yield was reduced in 1948 by late spring frosts and an e 
dry period. The following year the bushes were heavily loaded with berries. This 
difference in abundance was reflected in the food habits of the raccoon. The 
percentage of juneberries in the diet during this period rose from 28.5 per cent 
in 1948 to 44.5 per cent the following year 

Raspberry, chokecherry, and pincherry bushes grew in close proximity to the 
juneberry bushes and were judged to be just as plentiful. As shown in Figures 
1 and 2, these fruits play a minor role in the food habits of the raccoon. As 
rule, they were eaten in the greatest quantities after most of the juneberries 
were gone. Currants and gooseberries were also plentiful on the uplands, but 


they are apparently not among the preferred foods of raccoons 


Crayfish were still taken, but the number of tracks seen along the river during 
this second period was greatly diminished. The scats found there frequently 
contained a mixture of juneberries and crayfish. Apparently part of the night’ 


hunting activities was spent on the upland, as juneberries are not found on the 
lowlands adjacent to the river 

Mammals, birds, fish, and frogs were taken most frequently before the first 
of July. Although the availability of these items could not be determine 
believed that they were just as plentiful later in the summer. Apparently thes 





items are taken in the greatest quantities when there is scarcity of other foods 
By the third period of the collection (August 10 to mid-September), th 
preferred fruits were less abundant. There was a noticeable shift of activity from 
the berry patches to the early cornfields. Sweet corn reached the mil stage 
week to ten days ahead of the other corn, and it was in these fields that th 


first activity was noted. The three fields under observation were visited by 


raccoon each night until the corn began to harden. There was no evidence tha 
‘accoon feed on mature corn or on corn that developed later in the season. A: 
tivity in the cornfields suddenly ceased in both years about August 25, when 
scats containing acorns began to appear. The consumption of acorns increased 
until September 1, at which time they constituted approximately 90 per cent 
of the s 


‘at volume. The mast crop of the fall of 1948 was unusually heavy 
Acorns could still be found the following spring, and as shown in Figure 2, they 
were taken by raccoon until mid-June 


Relationship between habitat and food habits——Area I contains approximately 


1000 acres of bottomland along the Rice River. The lowering water level in the 


barrow pits and river, during the summer, leaves a mud bank free from vegeta 


tion. It is along these banks that raccoon hunt for crayfish, which live in the 
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( shallow water under leaves and sticks or in burrows on the bank. This area has 
a plentiful supply of frogs, crayfish and beetles, but grasshoppers and berries 
rs are scarce 
{rea II contains approximately 1000 acres of upland, about one and one-half 
miles from the river. Within this area nearly all of the wild fruit-producing 
shrubs native tf the region are represented. Juneberries, pincherries, blackberries, 
( raspberries, chokecherries, wild plums, and hawthorns are present and produce 
fruit. In this area grasshoppers, berries, mice, and small grains are readily avail- 
able Crayfish are either scarce or ent rely absent 
S \ comparison of the scat collections taken from the two areas (Table 2), and 
é an analysis of the fecal material of marked animals, suggests that the food 
habits of raccoon vary with the habitat in which they live. In the seat colle tion 


from the bottomland habitat crayfish accounted for nearly two-thirds of the 
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\ me. Approximately 82 per cent of the tota olume was of lowland origin 
Within this area one animal, ’Coon No. XIII, was captured three times, and 
| his tracks, which could be identified by clipped toe, were observed 20 times. 
I scats in the collection can definitely be ascribed to this animal. They con- 
tained crayfish (138 e beetles (5 e mammals (8 ec.), and fish (1 ce 


1 


[In the upland habitat (Area II), nearly one-half of the scat volume was made 

juneberries. Approximately 96 per cent of the total scat volume collected 

| In this area was ol upland rigin. At the same time as Coon No. XIII was studied 

n the bottomland habitat, another animal, ’Coon No. V, was captured four 

nes and tracked three times on the upland. Four scats which were known to 
belong to this animal contained grasshoppers (121 cc.), chokecherries (84 cc 


juneberries (11 cc.), pincherries (6 cc.), mammals (5 cc.), and plums (1 cc 


} 


The data just presented suggest that some raccoon spend most of the summer 
on the upland and feed to a large extent on grasshoppers and berries. Other 
individuals apparently do most of their feeding in the lowland on crayfish and 
make occasional visits to the uplands in search for berries and small grains 


From the chemical composition Ol grasshoppers and crayfish it would seem 
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that one could be easily substituted for the other in the diet. McHargue (Jour. 
Agric. Res., 10: 633-37, 1917) gives the dry weight composition of grasshoppers 
as follows: protein, 75 per cent; fat, 7 per cent; and ash, 6 per cent. Presumably 
most of the remaining 12 per cent is comprised of carbohydrates and chitin. An 
analysis of the ash indicated that grasshoppers are a rich source of phosphorous 
and potassium. Since no comparable data could be found for the North American 
crayfish, an analysis of a closely related European form will be used for a com- 
parison. Kiikenthal and Krumbach (Handbuch der Zoologie, 1927) give the dry 
weight composition of the genus Nephrops as follows: protein, 52 per cent; fat, 


3 per cent; carbohydrate, 3 per cent; chitin, 7 per cent; and ash, 34 per cent. 
Phosphorous and potassium are both present in the ash. 

Summary.—This study indicates that “availability”? determines, to a large 
measure, the foods eaten by raccoon. Changes in food availability, due both to 
the progress of the season and differences in habitat, are reflected in the food 
habits. Early in the summer crayfish constitute approximately three-fourths of 
the fecal material. By midsummer wild fruits are available and become dom- 
inant in the diet. At the close of the “berry season’”’ a shift is made to corn and 
acorns. 

The data also suggest that the summer diet of raccoon living on the upland 
consists predominantly of grasshoppers and berries, whereas raccoon living in 
the lowlands feed chiefly on crayfish. 


Paper No. 2609 of the Scientific Journal Series, Minnesota Agricultural Experiment Sta 
tion, St. Paul 1, Minnesota. The data presented represent portions of a thesis submitted to 
the Graduate School of the University of Minnesota in partial fulfilment of the requir« 
ments for the degree of Master of Science.) 


U. 8. Fish and Wildlife Service, Havana, Illinois, and University of Minnesota, St. Paul 
1, Minnesota. Received December 1, 1950. 
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GORILLA CENSUS AND STUDY 
By Rospert M. YERKES 


This report is being written because, of all the types of animal I have observed 
naturalistically or used in experiments during almost sixty years of work as 
psychobiologist, none has so stirred my curiosity and suggested so many questions 
as the gorilla. Whether we deem it success or failure, it is one of Nature’s im- 
pressive experiments in primate evolution, which probably nears its end. For 
reasons which will appear, this is a plea for more and better gorilla study—at 
once more inclusive and intensive, more persistent and imaginative, more critical 
and enlightening. For of all that might profitably be learned about the animal, 
and all that it might help us to discover, little has yet been recorded. And for it, 
if not for us, time is running out. 

Presumably, in a pre-scientific period of unknown duration, gorillas were 
known to African natives and some Europeans, but from this period no useful 
records have come to us. It is only a century since they were discovered to scien- 
tists by the missionaries Savage and Wilson (1847). Since then the genus Gorilla 
has been established, with two species and a number of races currently recognized 
Coolidge, 1929). Beside many popular contributions, an extensive scientific 
literature has accumulated. Unfortunately, it is factually thin, fragmentary, 
repetitious, and extremely variable in quality because often based on poorly 
preserved, insufficient, or otherwise unsatisfactory materials, or on the observa- 
tion of specimens of unknown age, developmental stage, life-history, and con- 
dition. Many contributions are difficult to evaluate 

In 1896, the British anatomist-anthropologist, Arthur Keith, published a 
synoptic account of what then was known about the anthropoid apes. His chapter 
on the gorilla includes a list of about a hundred scientific reports of which the 
majority deal with general appearance, habits, and anatomy. The frequency of 
publication has increased during the last half century, and beside me is a bibli- 
ography which includes several hundred titles. Nevertheless, for such major 
areas of biological science as morphology, physiology, and psychology, the ade- 
quacy and dependability of our knowledge vary extremely. 

Alike in quantity and quality, morphology easily ranks first, yet even today 
the gross anatomy of genus and species, versus individual, is imperfectly known. 
Comprehensive descriptions are few. Deniker (1885) described with admirable 
care a foetus, supposedly in its fifth or sixth month of development. Contempo- 
rary research and the status of knowledge of gorilla structure are best represented 
by the recently published monograph of Raven (1950) which, with all its merits 
of original contribution and splendid illustrations, fails to exhibit relations to 
the work of other investigators and to present an inclusive bibliography. But 
surely morphology should begin, not end, with gross anatomy! Incredible though 
it may seem, of gorilla histology, embryology, and structural genetics very little 
is known (Schultz, 1927). Even the number of chromosomes is a matter of 
surmise. 


As for physiology, the situation is extremely disappointing. There are some 
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islands of fact in a vast sea of ignorance. Gorilla life history has not been ob- 
served and described; even the sexual and the reproductive cycles are incom- 
pletely and uncertainly known, and no useful description of either exists. Few 
specimens have been reared from infancy to sexual maturity, and none has yet 
been bred under controlled conditions of mating and gestation. For physiological 
science the gorilla is virtually an unknown organism, because it has rarely been 
available as an experimental animal. 

Despite many titles which seem to indicate otherwise, the psycho- and socio- 
biology of the king of living anthropoids are unexplored areas. The naturalistic 
literature on habits, customs, and social relations, although abundant, is un- 
satisfactory because episodic, and more often entertaining than convincing and 
reliable. And significant experimental studies of behavior and mental traits and 
capacities may be counted on one’s fingers. Gorilla psychobiology is yet to emerge 
as @ significant extension of knowledge. 

Reluctantly one admits that this extraordinarily intriguing type and genus, 
after a full century of availability to biologists, is still superficially, incompletely, 
and wholly inadequately known. Why? And why the surprisingly slow progress 
of gorilla study during a century—1850 to date—when natural science has 
flourished exceedingly? 

Neither now, I am sure, nor at any time during the century could lack of 
interest, curiosity, and adventuresomeness among biologists be offered as a 
major explanation of slow progress. There evidently are other reasons, among 
which the following seem to me most influential. (1) Within our knowledge, 
Gorilla has not been widely distributed or abundant. Confined to a narrow strip 
of equatorial Africa, it is almost as slow breeding, probably, as man—12 to 15 
years for a generation—, and it seems improbable that at any time more than a 
few thousand have been in existence. (2) Naturally suspicious, wild, timid and 
wary, and never savage and aggressive save defensively, they are difficult to 
capture uninjured except when very young and by destruction of parents. 
Because of their striking resemblance to man, white hunters and, to a lesser 
degree, African natives have been reluctant to kill them for sport. (3) If captured 
in infancy they prove relatively difficult to feed and maintain in health, and 
require intelligent and devoted care, and if captured as adolescents or adults they 
rarely can be kept alive and tamed. (4) Finally, and this may be a chief deterrent, 
throughout the century of which I write they have been very costly, as well as 
rare, in Europe and America. Whereas the market price of live chimpanzees is 
measured by hundreds of dollars, that of gorillas is measured by thousands. I am 
told that the current price in New York is $3000 to $5000. But, for a perfect 
specimen I have been asked as little as $5000, as much as $20,000. Not many 
biologists can afford such expensive research subjects. 

Beginning in the 1850s, skulls, skeletons, skins, and exceptionally a preserved 
specimen began to reach the museums and biological laboratories of various 
countries. Occasionally a live specimen, usually young and in poor condition, 
arrived in Europe or America, but during the nineteenth century they were rare 
and seldom survived more than a few months. In fact, prior to this century, it 
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seems improbable that more than a score had reached America alive, and from 
meager records I estimate that between 1850 and 1950 the number imported 
does not exceed one hundred. Whereas in the early years owners had poor luck 
in caring for the animals, in this century, and especially during the last twenty- 
five years, success has increased rapidly. At long last we are learning how to keep 
them in health and contentment and to rear them to adulthood. Several American 
zoological gardens have kept individuals for many years. Bamboo has been in 
the Philadelphia Zoo about 24 years and Massa about 16 years. At the San Diego 
Zoo two fine males were successfully kept as exhibits nearly 12 years. Similarly, 
at the Bronx Zoo in New York, Oka has lived for 10 years, and Makoko died by 
accident after 10 years. Two females in the Central Park Zoo, New York, have 
been on exhibition 8 years. And in the Lincoln Park Zoo, Chicago, the huge 
male, Bushman, died after 21 years. 

Recently two circumstances have notably encouraged and facilitated the im- 


recent immigrants of portions of the gorilla’s West African habitat, and transpor- 


portation of young gorillas for sale in America—the agricultural development by 


tation by air. The slaughter of adults to protect crops has enabled settlers and 
natives to capture many dependent infants and youngsters under five. Collectors 
snap them up at small cost for export, and overnight by air express they appear 
in New York or some other foreign market. Thus, in the last few months gorillas 


1 


have arrived safely and in unprecedented numbers on our shores 

According to a report published in 1949 by Riess ef al., there were then 25 
gorillas in the United States, of which half were adolescents or adults. The report 
F 


sts 22 by name and location. Three of these, all adult males, have since died. 


This census supports the statement that success in keeping and rearing the 
animals has increased markedly. 

Especially because of the recent influx of infants, I have made a new census 
and survey of our gorilla population. As of June 2, 1951, it is almost twice as 
great as in 1949. At this rate of increase we should soon be seriously overpopu- 
lated, and embarrassed by an unexpected wealth of scientific materials. Young 
specimens are especially useful because they can readily be handled as subjects 
of experiments, whereas adults cannot. A new era of gorilla study began with 
1950, an era of opportunity which should become one of achievement. 

It has seemed desirable in this census report to identify each individual by 
name and present location, to give the name of the owner or responsible official, 
to designate the species (race is impracticable), and the date of receipt by the 
present owner. I thus indicate my indebtedness to them for information and my 
appreciation of their co-operation. Naturally I hope that this report may help to 
extend their acquaintance with neighboring research biologists and lead to mutu- 
ally agreeable and profitable co-operation. I had hoped to state also the birth- 
place or region of capture, but this information proved so indefinite or uncertain 
that it has been omitted. From the scanty data available, and in consultation 
with the owner, I have chosen a hypothetical birth-date for each individual. 
Although, in some instances, this may be in error by six months, it should prove 
a better basis for indicating age than that ordinarily used. 
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TABLE 1.—Census of gorillas in the U.S.A., 1951 
a — eee — eacutves “SITE DATE, 
Bedford, Va. M’Bam G. gorilla M  Oct., 1950 June, 1947 
'Noell’s Ark Gorilla Golly Gal “ F June, 1950 Oct., 1949 
Show (R. Noell 
Brookfield, Ill Baby M_ Apr., 1951 Sept., 1949 
Chicago Zool. Park. Sappho . F Apr., 1951 Oct., 1948 
(Robert Bean) 
Chicago, Ill Bushman? as M_ Aug., 1930 Jan., 1928 
Lincoln Park Zool. Sinbad - M  Oct., 1948 Feb., 1948 
Gardens Rajah : M  Oct., 1948 May, 1947 
(R. Marlin Per- Irving Young M  Oct., 1948 Jan., 1947 
kins Lotus . F Oct., 1948 Apr., 1946 
Cincinnati, Ohio Big Boy ‘ M_Aug., 1949 Mar., 1946 
Zool. Society of Tiny M_ Apr., 1951 Sept., 1950 
Cincinnati 
(J. F. Heusser) 
Cleveland, Ohio Eseka e M June, 1950 Jan., 1948 
Zool. Park. Yokadouma 7 F June, 1950 May, 1946 
(F. A. Reynolds) Bengbis?’ ” k June, 1950 Feb., 1950 
Colorado Springs, Mr. Bud y M_ Sept., 1949 Nov., 1947 
Col. Cheyenne Gorgeous F June, 1950 Jan., 1949 
Mt. Museum and 
Zool. Society. 
(R. V. Menary) 
Columbus, Ohio The Baron “TT M_ Jan., 1951 Oct., 1946 
Zool Society Christina “*(? I Jan., 1951 Aug., 1949 
(Earl F. Davis Christopher “(? M = Jan., 1951 Sept., 1949 
Goulds, Florida Bulu M June, 1950 Dec., 1946 
‘(Monkey Jungle’”’ 
(Joseph DuMond 
Lintz, Gertrude, Zu M June, 1951 Mar., 1951 
Brooklyn, N. Y 
Milwaukee, Wisc. Sambo ‘ M  Oct., 1950 June, 1949 
Zool. Gardens Samsor - M Oct., 1950 Sept., 1949 
(George Speidel 
New York, N. Y. Carolyn “ F July, 1943 Jan., 1940 
Central Park Zoo. Joanne " F July, 1943 Jan., 1940 
(John Galm) 
New York, N. Y Oka a F Sept., 1941 Apr., 1940 
Zool. Society Makoko* * M Sept., 1941 Sept., 1939 
(Fairfield Osborn) Sumaili G. beringei F June, 1949 Nov., 1947 
., 1949 


Mambo G. gorilla M May, 1951 Nov 
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TABLE 1.—Continued 
ESTIMATED 
NAME SPECIES SEX DATE HYPOTHETICAL AGE IN 
RECEIVED BIRTH DATE YEARS 
JAN., 1951 


Philadelphia, Pa 3amboo G. gorilla M _  Aug., 1927 Aug., 1926 25 
Zool. Garden Mass és M Dec., 1935 Jan., 1931 20 
(F. M. Shelly 
tingling Bros., Toto ‘ F Mar., 1941 Jan., 1932 19 
Barnum & Mile. Tot ™ I Nov., 1949 Aug., 1949 1-2 
Bailey Shows Gargantua II . M Nov., 1949 Sept., 1948 2-3 
John and Henry 
tingling North 
St. Louis, Mo Ph , M_Sept., 1941 Sept., 1939 11-12 
Zool. Park Bobo " M Oct., 1948 Sept., 1947 3-4 
(G. P. Vierheller) Bobby " F  Jan., 1950 Sept., 1947 3 
San Antonio, Texas. Juba M June, 1950 Oct., 1948 2-3 
Zool. Society Mim« ’ I June, 1950 Oct., 1948 2-3 
Fred Stark 
San Diego, Calif. Albert . M Aug., 1949 Feb., 1949 2 
Zool. Society Souba F Aug., 1949 Oct., 1948 2-3 
Belle J. Benchley) Bata ' F Aug., 1949 Nov., 1948 2-3 
Yale University; Farquhar ii F June, 1951 Jan., 1948 3 
New Haven, Robert M June, 1951 Jan., 1950 l 


Conn 
John F. Fulton) 


Golly Gal died May, 1951 3ushman died January, 1951. * Bengbis died April, 1951. 
‘Makoko died May, 1951. * Received from Mrs. E. Kenneth Hoyt, who had reared her 


from infane 


Of the 44 specimens listed in Table 1, four died during the period of census- 
taking. Among the survivors males preponderate 23 to 17, and juveniles (under 
five years), 33 to 7. 

As I stated at the outset, this is a plea for gorilla study. Heretofore almost no 
scientific use has been made of imported specimens during their life in captivity, 
and at death the bodies rarely have been properly preserved and made available 
for morphological study. Sometimes skull, skeleton, or skin has been presented 
to a museum, or in case of fine adult specimens the skin has been mounted for 
exhibition. For decades there has been wastage of potentially valuable materials 
and of opportunities for research, which reflects unfavorably on American biolo- 
gists and is, I submit, inexcusable. 

Primarily responsible for this regrettable history of default and neglect is the 
fact that almost all specimens are purchased for exhibit by zoos or shows. Only 
very exceptionally has one been owned by an individual or institution whose 
main concern is research. Evidently we biologists, even with specimens at hand, 
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have lacked sufficient initiative and compelling interest to discover and develop 
opportunities for gorilla study. This is our responsibility and our special business. 
The responsibility is the more weighty because never in human history have 
essential conditions been so favorable for the study of gorilla nature, and the 
effective use of the animals as experimental subjects, as in America today. 

A few suggestions taken from my long experience in trying to promote the 
effective use of anthropoid apes may be pardoned. As I see it, the primary need 
is mutual understanding and the establishment of co-operative relations between 
owners of gorillas (mostly executives of zoos or shows) and biological investi- 
gators. There must be mutual respect and consideration for one another’s 
obligations and interests, since neither zoo nor road show is as favorable an en- 
vironment for research as is the university. 

Granted the will in owner and scientist to arrange for research in zoo or circus 
quarters, such lines of work as the following may prove feasible. Naturalistic 
studies of daily life; of habits and instincts and their variation, modification, 
and interrelations; of nutritional needs and their satisfaction; of individual traits, 
or peculiarities, in structure and function. Such studies may be conducted without 
any considerable interference with the exhibition of the subjects. It may even be 
to the great advantage of the animals because of the diversion, exercise, and 
novel situations provided by the scientist. Thus, incidentally, the investigator 
may become an important asset instead of a nuisance in the zoo or circus set-up. 

Diary records of growth and development (weight and other physical measure- 
ments, dentition, appearance of inborn patterns of action, and unusual happen- 
ings) may be kept to advantage by the caretaker or keeper. Even such an ap- 
proach to rigorous research is worthwhile because we know with certainty so 
surprisingly little about gorilla life. 

And always, we students of function should hold ourselves ready and eager for 
the rare and unpredictable opportunity such as, for instance, once came to me 
when the hunter, Ben Burbridge, brought home with him a fine four-year-old 
female mountain gorilla which he had captured in the Belgian Congo. Through 
his generosity, that of Yale University, and John Ringling, who had purchased 
“Congo” for the Circus, I was enabled to study her intensively for some weeks 
during three successive winters in Florida (Yerkes, 1927-28). I might be doing so 
still if she had lived. She now would be about 28 years old. 

Physiological studies of requirements for normal growth, of sexual and re- 
productive processes, ol characteristics of organ functions, etc. now are practi- 
cable in several American zoological gardens which employ veterinarians, medical 
consultants, pathologists, or other trained specialists, and which have laboratories 
or hospital buildings. In these favorably circumstanced organizations, breeding 
experiments may at any time become feasible. A few zoos and Ringling Brothers 
Circus now have on hand sexually mature gorillas, although none has a mated 
pair. When this happens the advice of an experienced research biologist may 
prove essential and invaluable. Studies of pathological conditions, diseases, and 
responses to treatment always are desirable, and here again the usual scientific 
manpower and other resources of the typical zoo are likely to require supple- 
mentation. 














yp 


ve 


he 














Nov., 1951 YERKES—GORILLA CENSUS 435 


It was my privilege in the winter of 1949-1950 to spend several weeks observing 
three baby gorillas in the Hospital-Laboratory Building of the San Diego Zoo. 
The facilities for what I wished to do were admirable, and the co-operation of the 
Director, Mrs. Belle J. Benchley, and her staff was perfect. I cite this as an 
example of what the scientist may hope sometimes to find if he seeks research 
opportunity in a zoological garden. 

Obviously it is to the advantage of all parties to increase the usefulness of 
captive gorillas by combining, so far as is practicable, exhibition for educational 
purposes and biological research. So much, then, for possible uses during the 
lifetime of a captive. What should happen after its death? 

Disposal of the body should not be left to chance or emergency decision. With 
foresight the interested anatomist or anthropologist should consult with the 
owner and try to arrange in advance of the animal’s death for mutually profitable 
handling and disposal of the cadaver. Appropriate and immediate preservation, 
according to suitable directions, and prompt transfer should be agreed upon and 
assured. “Of course!,’’ exclaims the reader. Why do I dwell on the obvious? 
Because wastage of the bodies of anthropoid apes in this country has greatly 
exceeded scientific use. Many, perhaps most, are literally thrown away because 
the owner does not know what else to do. 

There is yet another major excuse for this plea in favor of the scientific use of 
gorillas. The genus has no chance of survival in competition with man. I hazard 
also the prophecy that unless preserved by human effort, it will disappear from 
the earth within a century. I have purposely referred to our wastage of gorillas 
as inexcusable. Equally so, as I view it, is our failure to create and profitably 
develop opportunities for the scientific utilization of these great apes while yet 
they exist in Nature and are fairly easy to obtain 

In support of my pessimistic prediction as to their survival in Nature I offer 
these facts and surmises. Of the mountain species, G@. beringet, only a few hundred 
are thought by competent authorities (Akeley, 1923,1929) to exist, protected by 
the relative inaccessibility of their habitat and by the Belgian Government. The 
effectiveness of the latter is attested by the fact that there is only one example 
of this species in America today—‘“‘Somaili,”’ at the New York Zoological Park. 
Although the species seemingly is not being endangered by human competition 
or by hunters and collectors, it may be dying out because of slow reproduction 
and competition with other organisms. This surmise I base on the small popula- 
tion. G. beringet appears to be losing the struggle for existence. I hope I am 
mistaken. 


Races of lowland gorillas belonging 


in the species G. gorilla are much more 
widely distributed than is the mountain species, but unlike the latter they are 
now in active competition with man for food and in conflict with recent settlers, 
natives, and foreign hunters and collectors. It is their misfortune also to have 
become articles of commerce in a highly commercial era. At this moment there 
are thousands of them in West Equatorial Africa, but the slaughter of adults and 
the capture of their young is unprecedented. As the agricultural development and 
exploitation of the continent proceed under the pressure of man’s uncontrolled 
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fertility, the habitat of G. gorilla will become more restricted and less safe. 
Inevitably the population will diminish. 

I am fearful that the genus Gorilla will not long survive unless intelligently and 
determinedly protected in a suitable natural habitat area, or bred successfully, 
as never heretofore, in captivity. While there is yet time and inviting opportunity, 
we biologists should take determined action to promote gorilla study and to 
preserve the genus, if not in its native African habitat, then in one or more 
wisely located breeding colonies. 
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NOTES ON A POPULATION OF THE STRIPED GROUND SQUIRREL 
(CITELLUS TRIDECEMLINEATUS) IN AN ABANDONED FIELD 
IN SOUTHEASTERN MICHIGAN 


By Francis C. Evans 


One of the paradoxes of natural history is the fact that the most common 
species are often the least known. What is rare is eagerly sought after, but 
what lies at our doorstep is ignored. This latter fate seems to have befallen the 
striped ground squirrel, Citellus tridecemlineatus, a wide-spread, frequently abun- 
dant, and easily recognized rodent. Although it has been used extensively as a 
laboratory animal for investigating the physiological aspects of hibernation and 
reproduction, we know little more than the bare outlines of its life history and 
ecology. The principal accounts of its habits are those of Vernon Bailey (1893) 
and G. E. Johnson (1917). In the past thirty years there have been few ecological 
references beyond some scattered notes on extension of range and on its local role 
as predator or prey. No careful population study of this species has yet been 
made. 

The past half-century has seen considerable expansion in the range of this 
spermophile. Its northward extensions in Michigan and Wisconsin and its 
eastward extension in Ohio have apparently followed the clearing of the land. 
Although in the course of these movements it seems to have invaded open wood- 
land to some extent, it is primarily an inhabitant of grassland, evidently pre- 
ferring dry or well-drained situations. Weaver and Flory (1934) reported that 
over-grazing causes an increase in the striped ground squirrel population, but 
Phillips (1936) observed a marked reduction of burrow density in heavily over- 
grazed fields as compared with normally grazed or moderately over-grazed 
conditions. Linduska (1950) finds that these squirrels tend to avoid cropland 
entirely but “establish themselves rather rapidly in areas retired from cultiva- 
tion.” 

Citellus tridecemlineatus is not generally considered a serious economic pest, 
although it may cause local damage to garden crops if present in large numbers. 
Insects such as grasshoppers and caterpillars are said to form a considerable 
portion of its diet, and in this respect it may be more beneficial than harmful. 
Quite apart from its economic status, however, its continued extension of range 
and its tendency to enter habitats created by human disturbance call for further 
consideration of its role in the ecological communities of which it is a member. 

An opportunity to study a small population of the striped ground squirrel 
was provided by the initiation, in July, 1948, of a project to investigate the struc- 
ture and dynamics of a community associated with a 15-acre abandoned field 
on the University of Michigan’s Edwin S. George Reserve near Pinckney, Living- 
ston County, Michigan. A brief description of this field has already been pre- 
pared in a preliminary study of its vegetation (Evans & Cain, in press). Situated 
on a glacial outwash plain at an elevation of 975-1000 feet, its rather sterile soil 
(a sandy loam belonging to the Fox series) supports a vegetation dominated by 
two species of grass, Poa compressa and Aristida purpurascens, with which are 
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associated approximately sixteen other grasses and about sixty-five species of 
forbs. In earlier work at the Reserve, Blair (1948) termed this assemblage the 
“‘blue-grass field association’? to distinguish it from the “blue-grass meadow 
association” found in somewhat moister situations. The latter, characterized by 
the dominance of Poa pratensis, is found in a dozen small hollows or swales 
scattered throughout the field. For the past twenty years this land has not been 
subject to disturbance by man or by domestic stock, and its development has 
taken the course of a slow successional trend towards oak-hickory woodland, 
which evidently covered the field prior to clearing and which now borders it on the 
east and on the west. 

From his extended study of the small mammal population of a blue-grass 
field elsewhere on the Reserve, Blair (1948) concluded that Citellus tridecemlinea 
tus was relatively scarce in the area and a minor component of that association. 
In five years (1938-1942) his July trapping, which was evidently carried on 
after the young squirrels had emerged from their natal burrows and which I 
estimate to have involved a total of at least 1500 trap-day units (one trap set for 
one day one trap-day), yielded only 8 ground squirrels. Using the livetrap 
employed by Blair (1941) and an essentially identical trapping procedure, i.e., 
a grid pattern of spacing, with traps 60 feet apart, and a trapping period of six 
successive days, I obtained, in 1948 and 1949 on the 15-acre field described above, 
results of the same order of magnitude. In 2032 trap-days during the month of 
July, I caught only 12 ground squirrels. 

However, the frequency with which these animals were seen and the large 
number of apparently active burrows suggested a greater population and a more 
important role in the community than was revealed by the trapping results 
In 1950, therefore, a more intensive effort was made to study the ground squirrels 
of this field, and a variety of trapping procedures was used to test the efficiency 
of the grid system. 

I should like to thank R. DeWitt Ivey for his assistance in making a census 
of ground squirrel burrow entrances and for carrying on the trapping during 
July and August, 1950. I am also indebted to J. Speed Rogers, Director of the 
Edwin § George Reserve, for making the facilities of the Reserve available for 
this study. William Prychodko prepared the drawings for publication 


METHODS 


Marking.—Squirrels were given individual identification marks by clipping 
the terminal portion of not more than one toe per foot. The toes of each foot 
were assigned numbers beginning with the innermost or ‘“‘thumb,” and the se- 
quence of marked toes on the right front, left front, right hind, and left hind foot, 
respectively, comprised the animal’s marking number. Thus, an individual whose 
first. toe of the left hind foot was clipped would receive the number 0001, while 
an individual whose first toe of the right front foot was clipped would be desig- 
nated 1000. Since these ground squirrels have four well-developed toes on each 
forefoot and five on each hind foot, approximately 400 individuals can be marked 
in this manner without duplication. The digits 6, 7, 8, and 9 do not appear in 
this system. The method has always seemed to the writer a simpler one than 
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others of its scope, and somewhat less subject to errors of misreading than 


systems which 


include ear-marking. 
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A spring balance, graduated in 10-gram divisions, was used to 


irrels, which were temporarily immobilized in a string bag of 


1_inch mesh. Weights had to be read by interpolation and were, therefore, subject 
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to considerable error apart from the limits of accuracy of the balance. Squirrels 
were generally weighed the first time they were caught, and at various intervals 
thereafter, depending upon the frequency of capture. Figure 1 shows a composite 
picture of the weight records of young and adult animals. The wide scatter of 
values reflects inaccuracies in reading, daily variations in individual records, and 
differences between individuals. Nevertheless, juvenile squirrels were evidently 
distinguishable from adults by weight throughout July and at least a part of 
August. The young males apparently gain weight more rapidly than juvenile 
females, as observed for Citellus beecheyi by Evans and Holdenried (1943). 

Trapping procedures.—The complete grid consisted of 161 traps spaced at 20- 
yard intervals over the entire field. The traps were covered by tar paper hoods 
which gave protection from sun and rain, and were baited with both sunflower 
seeds and rolled oats. They were left out both night and day, and were inspected 
in the early morning and in the late afternoon and also, during hot weather, in 
the middle of the day. The entire grid was trapped simultaneously for six suc- 
cessive days. 

Three additional trapping procedures were employed in the summer of 1950, 
as follows: (1) Traps were placed at the base, and in the shade, of numerous 
juniper (Juniperus communis and J. virginiana) and hawthorn (Crataegus crus- 
galli and Crataegus sp.) bushes which were well distributed throughout the field. 
One hundred and eleven traps were set for six successive days, plus two additional 
days. (2) Traps were placed in haphazard fashion in the twelve swales scattered 
over the field. The dense growth of Poa pratensis in these swales offered more 
concealment than the sparser vegetation of the upland portions of the field. The 
number of traps placed in these swales totalled 131 and ranged from 3 to 20 pet 
swale. They were run from 6 to 13 successive days each. (3) Traps were placed 
close to the entrances of burrows which appeared to be in active use or which had 
been freshly excavated. Eighty-five such traps were run for periods of from six 

5 


successive days to 25 days each. 


TRAPPING RESULTS 


Reaction to traps.—Individual squirrels differed widely in their trap reactions. 
Some of this difference in behavior is shown by the frequency of capture. Of the 
26 individuals recorded, eight were caught only once (one of these died in the 
trap). Two young squirrels, on the other hand, became more or less regular re- 
peaters and were taken 16 times each throughout the summer. The remaining 
16 individuals were caught 2-14 times each. Since opportunities for capture 
were practically unlimited for all the squirrels, these results suggest considerable 
range in trappability. 

Although it is possible that some of the squirrels left the area or died soon 
after their last capture, it seems more likely that many of them became trap- 
shy and refused to enter traps in which they had already been caught. This is 
suggested by the capture data for traps which were placed at burrow entrances. 
Of the 43 burrow-entrance traps which were entered by squirrels, 40 were not 
entered more than once by any given individual. On three occasions, squirrels 
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returned to traps in which they had previously been taken; one of these was 
caught three times in the same trap, and the other twotwice. After the first capture 
in a given trap, a squirrel apparently tended to avoid that trap, and some in- 
dividuals evidently avoided further capture altogether. 

Additional indication of differences in reaction to traps is suggested by the 
variation in the number of days elapsing between the placement of a trap at an 
active burrow entrance and the first squirrel capture in that trap. Two of the 
43 traps which took squirrels were occupied the same day they were set, whereas 
four others required 23-25 days to effect a capture. Nineteen traps were open 
1-4 days, and 18 traps took 6-17 days, before the first capture was made. The 
wide scatter in these records does not indicate any general tendency to enter 
traps readily or otherwise, but it suggests that some squirrels remained suspicious 
of traps for many days before they would go inside. One juvenile male, almost 
certainly a member of this population and not an immigrant, eluded capture un- 
til October 3. 

It is quite possible that other kinds of traps and/or bait would be more success- 
ful or would establish a different pattern of trap behavior. However, the differ- 
ences in trap reaction noted above indicate some of the limitations of trapping 
as a technique in studying ground squirrel populations in particular and animal 
populations in general. Without some knowledge of the reaction of a given 
population to trapping, the reliability of population estimates, such as the 
“Lincoln index,’”’ which are based on trapping, is open to question. 

Some of the squirrels also displayed a marked behavior reaction following 
release from a trap. These individuals refused to enter nearby burrows and, if 
approached, would steal off through the grass rather than take shelter in a hole. 
This is quite different from the behavior of some other small mammals such as 
Peromyscus leucopus or P. maniculatus which will usually attempt to find a bur- 
row and disappear down it as rapidly as possible. 

Relative effectiveness of different trapping techniques.—The four trapping pro- 
cedures employed during the summer of 1950 can be evaluated for their relative 
effectiveness in capturing squirrels. The grid trapping, which was done in June, 
before the young had appeared above ground, required an average of 249 trap- 
days per capture: a total of 996 trap-days brought only 4 captures (1 individual). 
Trapping under bushes was not done until August, by which time mortality, 
especially among the juveniles, may have caused some reduction in the popula- 
tion; 888 trap-days of bush trapping yielded 23 captures (6 individuals), for an 
average of 38.6 trap-days per capture. The swales were trapped in July, after 
the young had become active, and 1422 trap-days in these area resulted in 40 
captures (8 individuals), an average of 35.6 trap-days per capture. Burrow trap- 
ping, also done in July, averaged 22 trap-days per capture: 1322 trap-days 
brought 60 captures (22 individuals). Discrepancies in the time of trapping make 
strict comparison impossible, and the differences among the trapping figures 
may not be statistically significant, since great variation is common to such data. 
Nevertheless, the burrow trapping seemed to be very much the most effective, 
and the grid trapping proved inferior to any of the other procedures. This is what 
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would naturally be expected, for the catch should be greater when traps are set 
in suitable places than when they are arranged in some regular manner irrespec- 
tive of suitability. One of the primary purposes of grid placement is to eliminate 
the influence of trap position in the comparison of data for two or more trapping 
periods. Regular spacing of traps is also more efficient in that a given number of 
traps can be set out and tended more rapidly than when they are arranged in 
random or haphazard fashion. If, however, grid trapping takes such a small pro- 
portion of the population actually present that it provides an inadequate sample 
for ascertaining the status of the population, its advantages are largely nullified. 
Some species can apparently be sampled satisfactorily by grid trapping, some 
cannot, and the investigator must decide what is appropriate in each case. Ob- 
viously no single trapping procedure is equally suitable for all species of small 
mammals in a given area. Recent literature contains a number of suggestions 
for estimating populations or home ranges based on the regular placement of 
traps, but the basic question of effectiveness has rarely been considered. Efforts 
to evaluate the latter for a wide variety of species and situations should be en- 
couraged. 

Effect of habitat differences on capture.—Next to the traps placed at burrow 
entrances, those located in the swales seemed to be the most efficient. The results 
of the grid trapping furnished a basis for testing the tendency of squirrels to be 
caught in traps within or close to swales. The 161 grid trap positions were classi- 
fied according to distance from the nearest swale, as follows: (1) 0-20 yards, 59 
traps; (2) 21-60 yards, 60 traps; (3) 61-100 yards, 42 traps. If all of these traps 
had been equally effective, the number of captures for each distance class should 
be in proportion to the number of traps in each class. Expected and observed 
numbers of squirrel captures for the three classes were as follows (the figures 
include data for both 1949 and 1950, in order to bring class expectations up to 
5 for statistical treatment): 0-20 yards, 7.69 expected, 15 observed; 21-60 yards, 
7.85 expected, 5 observed; 61-100 yards, 5.48 expected, 1 observed. There is a 
statistically significant difference between the observed and the expected values 
(x? = 11.633, df. 1, P < .01), and the number of ground squirrel captures in 
traps near swales was considerably greater than would be expected on a chance 
basis. There is no reason to believe that occupation of the more distant traps by 
other species had any appreciable effect on the capture of the squirrels. Proximity 
to a swale, therefore, seems to have been a factor in the distribution of ground 
squirrel captures. 

Home range.—The limited trapping data and observations of activity of the 
squirrels indicate that, like many other small mammals, they generally occupy a 
restricted home range. Of the eleven squirrels captured five or more times during 
1950, eight were not taken cutside of circles with a 50-yard radius and an area 
of 1.62 acres. The greatest distance between points of capture for any squirrel 
was 140 yards. Two adult squirrels taken in 1950 were found within the same 
ranges which they had occupied in 1949. Examples of ground squirrel home range 
as shown by points of capture are shown in Figure 2. Possible discrepancies 
between the true home range and the trap-revealed home range, as recently 
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discussed by Hayne (1949, 1950), make it inadvisable to attempt to calculate 
the exact home ranges of these squirrels, but it is believed that the examples giver 
indicate the approximate order of magnitude. 

Within their home ranges, the squirrels seemed to limit their wanderings more 
or less closely to established routes. Many well-worn pathways leading to and 
from burrow entrances were found and were occasionally seen in use by the 
squirrels. Such restricted movement may account in part for the failure of a 


grid trapping system. 


POPULATION ESTIMATE 


During the summer of 1950, twenty-six 


or more times on the field. The numbers of individuals and captures obtained 


ground squirrels were caught one 


each month are shown in Table 1. The adults taken consisted of three females 


Adult Young 


Ju Oct. rnel ] 4 


Superscripts indicate number of captures 
I I 


and one male, and the 22 young of the year included seven females, 14 males, and 
one of undetermined sex 

Any estimate of the total population is difficult because of the wide range 
of behavior reactions to trapping that have been described above. The unbalanced 
sex ratio, with twice as many males as females among the juvenile squirrels, 
Although the evidencé 


f restricted home range seems to indicate rather sedentary habits, the chances 


might well be simply the result of an incomplete census 


of immigration and emigration are not precluded and might serve to explain the 
capture of an unmarked young male in October and the disappearance of twelve 
squirrels after July. There is reason to believe, however, that the trapped popu- 
lation included most of the squirrels resident on the area and that there were 
few if any transient individuals. 

The fact that this species has one litter of 7-10 young per year (Burt, 1948 
suggests that this population may have consisted of three distinct families of 
squirrels. This suggestion is borne out by Figure 3, which shows the location of 
the initial capture of all juvenile squirrels and the areas within which the adults 


were taken. Definite grouping, apparently of a family nature, is evident, even 


though every individual cannot be assigned with certainty to a given family 
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and the identity of the parents is not entirely clear. Either of the adult females, 
0025 or 0012, may be presumed to be the mother of the family occupying the 
lower right-hand part of the diagram, although the latter adult is favored be- 
cause her capture record extended from June 13 through July 6 while the former 
was taken once only (July 6). The mother of the family in the upper part of the 
figure may have been 0025 or may not have been captured at all. This latter 
group was not caught as early in the season as the other two, and the time differ- 
ence is probably responsible for the more widely scattered occurrence of the 
individuals. The location of the first capture of juvenile male 0100, which was 
not taken until October 3, strongly suggests that it belonged to this group and 
was not an immigrant as might otherwise have been supposed. Juvenile female 
0052 might be equally logically assigned to either of the two families occupying 
the lower part of the figure. The composition of the three family groups is pre- 
sumed to have been as follows: Family One: juvenile males 0024, 0030, 0031, 
0033, and 0934, and juvenile females 0023, 0032, and 0052; Family Two: juvenile 
males 0035, 0042, 0043, 0045, and 0051, and juvenile females 0040, 0041, and 
0050; Family Three: juvenile males 0044,0053,0055, and0100, juvenile female 005, 
and one unmarked juvenile whose sex is not known. If the latter were assumed to 
be a female, the sex ratios for these groups are as follows: Family One, 5 males, 3 
females; Family Two, 5 males, 3 females; Family Three, 4 males, 2 females. Un- 
equal ratios of this order are not unexpected in small mammal families of this 
size. Such a phenomenon may help to explain the frequency with which unbal- 
anced sex ratios are encountered in small populations. 

It seems likely, therefore, that the 1950 ground squirrel population of this 
15-acre field consisted of three families of young and their parents. The total 
population is estimated to have been comprised of 30-35 individuals. 


BURROWING ACTIVITY 


In June 1950 a complete count of ground squirrel burrow entrances found on 
the field revealed 64 burrows which had apparently been constructed in previous 
years, of which five were evidently again in use, and 47 additional entrances 
which seemed of more recent origin and were thought to have been made earlier 
in the current year. Throughout the remainder of the 1950 season, record was 
kept of each new burrow entrance constructed. In July, at least 45 freshly con- 
structed entrances were discovered, and eleven more were added during August. 
It is evident that the young squirrels began to make their own burrows soon after 
their first appearance above ground. Burrow construction dropped off sharply 
in late summer and ceased entirely by the middle of October; only 14 new en- 
trances were found after the first of September. 

Howell (1938) characterizes the striped ground squirrel as “often digging a 
number of burrows, some of which are shallow and are used for temporary shelter 
and others of more elaborate construction for more permanent use. These latter 

. are said always to have two entrances.’’ Johnson (1917) found only six bur- 
rows with two entrances in 100 which he excavated. Burrow excavation was not 
attempted during the summer of 1950, since it was desired to avoid all unneces- 
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sary disturbance. However, close inspection indicated that in many cases there 
was not more than one entrance to a burrow. ¥t is estimated that the 122 burrow 
entrances judged to be in active use in 1950 probably represented not less than 
100 burrows. The average number of burrows excavated by a squirrel during the 
year was, therefore, at least three or four. 

The distribution of the burrows constructed in 1949 (or earlier) and in 1950 
is shown in Figure 4. The general pattern of distribution was similar for both 
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years and supports the impression of a rather sedentary population. The number 
of burrows used in 1950 was apparently approximately twice that used in 1949 
and suggests a population increase of the same order. The burrow distribution 
pattern for 1950 indicates some extension of activity over the previous year and 
conforms quite well to the distribution of families shown in Figure 3. 

The distribution of burrows throughout the field was clearly not at random. 
This was demonstrated by recording the numbers of burrow entrances observed 
in each of the quadrats into which the field was subdivided by the positions of 
the grid traps. The observed frequency distribution was then compared with 
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that which would be expected if the burrows were distributed at random. The 
data for 1950 has been treated in fhis manner in Table 2. The value of x? in this 
comparison (10.859) indicates a statistically significant difference between the 
observed and the expected distributions. Although the burrows were thus shown 
to be non-randomly distributed, they were not strongly clumped. In seeking an 
explanation of the distribution pattern, it seemed possible that this might be 
correlated with the observation recorded above that squirrels were taken mort 
frequently than expected in traps located in or near swales. Of the 122 burrow 
entrances actively used in 1950, twelve were located within, or on the boundaries 


of, swales. The combined area of the swales is estimated to be about one-half 


acre, having a ratio of 1:29 to the area of the remainder of the field. Had the 
burrows been distributed at random, we should have exper ted a corresp nding 


ratio between those located in swales and those located in the rest of the field. 
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29, or about three times as 


The observed ratio was, however, 1:10 instead of 1: 
much as expected. Again, the difference between the observed and the expected 
15.003, d.f 1,P < .O1). It is suggested, 


therefore, that proximity to a swale may have been a factor in the distribution of 


values is statistically significant (x? 


burrows. In addition to the greater density of the vegetation in these areas, the 
noticeably moister condition of the surface soil might facilitate the construction 
of burrows 

Ground squirrel burrows were used on numerous occasions as refuges by prairie 
deermice (Perom jscus maniculatus bairdt) and probably pro\ ided shelter for 
other small mammals, snakes, and many invertebrates. The results of burrow 
excavation in bringing fresh soil to the surface and on local drainage may well 
have had considerable effect upon the physiography of the community. The 
distribution of burrows indicates a correspondingly widespread influence of the 


squirrels throughout the field and suggests that under present conditions the 
| ee | 


species plays a role of some consequence in the dynami s of this community. 
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SUMMARY 


Four adult and 22 juvenile striped ground squirrels were caught 128 times dur- 
ing the summer of 1950 on a 15-acre abandoned field on the University of Michi- 
gan’s Edwin 8. George Reserve in southeastern Michigan. Individual squirrels 
differed widely in their reactions to traps; in many cases, after the first capture 
in a given trap, the squirrel tended to avoid that trap. Traps set at burrow en- 
trances proved considerably more efficient than grid trapping, which did not 
seem to give satisfactory estimates of abundance. The proximity of traps to 
swales was apparently a factor in the distribution of ground squirrel captures. 


Of eleven individuals taken five or more times each, eight were not recaptured 


outside of circles with a 50-yard radius and an area of 1.62 acres, indicating a 
restricted home range. The total 1950 population of this field was estimated to 
have consisted of 30-35 individuals, representing three families of young and 
their parents. Counts of burrows excavated during the summer of 1950 indic 
that the average squirrel dug at least three or four burrows during the year. 
There was a tendency for burrows to be situated in or 


rated 


near swales more fre- 
quently than would be expected by chance. The distribution of burrows used 
during 1950 reflects the family grouping of the population and suggests a role of 
some consequence for this species in the dynamics of the community. 
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ESTIMATION OF VOLE AND MOUSE POPULATIONS ON MT. 
ISHIZUCHI AND ON THE UPLANDS OF 
SOUTHERN SHIKOKU 


By Ryd TAaNnaKA 


I have been employed in the study of populations and home ranges of voles 
and mice on the uplands in Shikoku; mark-and-release trapping investigations 
being conducted in 1949 in a Cryptomeria afforestation and in a virgin forest on 
the mountains in Kochi Prefecture, southern Shikoku; in 1950, in a brushy area 
near the summit of Mt. Ishizuchi, one of the highest mountains in central 
Shikoku. As a result, I have discovered that this mountain had a far more crowded 
population of voles than did the uplands in Kochi Prefecture. Knowledge of the 
faunistic and systematic positions of murine rodents from Shikoku is still rather 
inadequate, and this is the first synecological study to be made in the province. 
Therefore, I will explain mainly the investigations on the central mountain and 
attendantly those on the southern uplands. 

This work was aided by a grant from the Scientific Research Expenditure of 
the Department of Education. 

Methods and ecological associations.—Thirty-two small live traps of the single- 
catch type, made of sheet zinc on roof and sides and of wire netting on floor and 
bottom, were set on a grid pattern (Fig. 3), being spaced 15 meters apart. Some 
individuals escaped from some traps because of deficiency in the door apparatus, 
but the construction of wire netting on the floor was of good service to survival 
of animals in the trap. The traps were baited with peanuts and sweet potatoes, 
and each vole was numbered by toe-clipping. 

The vegetation on Mt. Ishizuchi consists of three more or less distinct life 
zones; Abies is dominant on the uppermost zone at a height of about 1900 to 1700 
meters, below which a Fagus zone extends to a height of about 1500 meters, the 
latter zone gradually shifting into a T’suga zone. The association on the lower 
area of the Tsuga zone and downward is principally formed by T'suga, Acer, 
Quercus, and Carpinus. 

Judged from the results (Table 1) of my preliminary survey on the relative 
t 
has become clear that Smith’s red-backed vole (Clethrionomys smitht) is decidedly 


abundance of voles and mice on this mountain, by means of snap-trapping, 


dominant from the uppermost zone downward to heights of 800 to 900 meters; 
this species occurring nearly exclusively in the Abies and Fagus zones. (This 
species name deserves to be re-investigated. For the present I would like to 
consider it a specialized form among the genus Clethrionomys, so this name is 
adopted here according to Tokuda, 1941.) The Japanese long-tailed field mouse 
(Apodemus geisha) is rarely found above heights of 800 to 900 meters, below 
which it becomes superior to the vole in occurrence and the Japanese field mouse 
(Apodemus speciosus) begins to appear. 

The plot studied lies in the midst of a tract covered with deep and thick growth 


of bamboo grasses (Sassa) at a height of about 1700 meters, corresponding to 
that of the upper Fagus zone. All the animals which visited the live traps during 
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the period of the study were full grown and young adult or subadult of the red- 
backed vole. Moreover, it is noticeable that no individual was possessed of evi- 
dences of reproductive activity; in the male a small-sized testis was not descended 
to the scrotum, which was indistinctly developed, and the female kept its vaginal 
orifice closed. The adult female, therefore, appears to close its vagina at the end 
of a reproductive period. In the field notes the vole was separated into juvenile, 
subadult (or young adult), and adult according to size of head and body and 
pelage coloration, but a reliable determination of sexual maturity was not possible 


TABLE 1 Number of catches by snap traps (July and November. 1950) on Mt. Ishizuchi 
ALTITUD! VEGETATION LETHRIONOM APODEM APODEMUS NUMBER OF 
METER ZONE SMITHI GEISHA SPECIOSUS TRAPS SET 

1900-1700 Abie 5 l 0 
63 
1700-1500 Faa 19 9 0 
1500-1300 T 7 f 2 0 16 
00-9 ” 0 99 
900-600 ; l 18 
TABLE 2 ] p17 S h Mt. Ish h 
; 
K ) OF CA )TAL MBER 
R PREVIOUSLY 
' Pr {AR MARKE x 
| 5 0 5 0 0 
- 3 2 7 0.29 
\ 7 If 0.30 he 
- 7 9  5R 14 
5 5 l f 0 #&f 19 
y 0.7 23 
7 8 ).78 7 
ha Pa) 
r lead in this grour 


for reasons just mentioned. The snap-trapping record shows that there are in- 
cluded one juvenile, one female with distinct mammae, and a few males with 
rather well-developed scrota in the specimens taken from below a height of 1500 
meters. Thus, one can suppose that their reproductive activity might come to 
rest presumably early in October at latest when they live above this height, 
because a young born ultimately would have grown to subadult or young adult 
at the beginning of November. 

Population.—The efficiency of trapping in this study is not considered suffi- 
cient according to Table 2, because a number of unmarked individuals would 
have been captured for some days after November 7, if this experiment had been 
further continued. In this record, it is remarkable that the trapping efficiency is 
lowest at the beginning of the period and becomes higher and higher toward the 
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end. Thus, it seems unsatisfactory to estimate the population size only from the 
total number of unmarked catches in this table. 

Hayne (1949) presented a theoretical method for estimating the population size 
to be reasonably employed even after having marked only part of the animals 
within the area. He holds that all animals in the population might perhaps be 
marked only when no replacement of animals occurs during the trapping period 
and the efficiency of all traps is of great enough intensity, and that when a part 
of the animals is not apt to enter the traps and marked animals are being replaced 


pensive to attain. His method is a modification of the Lincoln Index method, and 
his theoretical approach assumes a uniform population size with no replacement 
of marked animals for the period of the experiment; it further assumes a uniform 
probability of capture for all animals, marked and unmarked 

The theory of Hayne’s method is represented by a straight-line formula 
/ “< Herein, after a certain number (x) of animals have been marked and 
released into the populatio1 (P), from which they were trapped, the proportion 


1 


of the population now marked i P is calculated from the line draw by 


S P 
the method of least squares through successive samples 

In order to test whether the result, of my field work obevs this theory or not, 
the data are arranged in Table 2 and actual values for x and y are plotted il 
Figure 1. As will be seen, the set of points never appears likely to fall on a straight 
curve. Notwithstanding, 


line, but does suggest a satisfactory hit to an exponential! 


if one dares to apply the Hayne formula, the population size is given as 31.4, far 
less than the total number of unmarked catches. The reliability of the assumptio1 
for an exponential formula can be demonstrated by double logarithmic plots of 
and Fig. 2 
Here | present : formula, ts) instead of y = , where 8 is an inde; 
P r 


determined by frequency of replacement of marked animals and probability of 


two 


- ‘ ‘ q ; x 
capture for all animals. If the 8 value is 1, the formula 7 : under th 


I 
assumptions pointed out by Hayne is consistent, while if it is larger or smalle1 
than 1, y is lesser o1 greatel than , respecti' ely, becaust is always below 1, 
) . P . 

and the former situation will be chiefly referable to occurrence of significant 
replacement of marked animals and the latter condition may be mainly reduced 
to larger pro! ability of capture for marked animals than for unmarked. 

We can obtain, by the method of least squares, é . ) as an empirical 

33.4 

formula for the theoretical curve, which is exhibited in Fig. 1. Accordingly, the 


theoretical value of the population is estimated to be 39, and since the 8 value 


is less than 1, y should be for the most part larger than j , the difference being 
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larger at the beginning of the experiment and gradually lessened with increasing 


number of marked animals until the whole population is handled at the point 


30.4, ¥ 1). The interrelation is graphi ally expressed DV the curve ac- 





454 JOURNAL OF MAMMALOGY Vol. 32, No. 4 


ge —— : 
companied by the line y = 387 .Nevertheless, as a result of x? test as tothe fitness 
00.4 
, ‘ w x sar , 
of the two formulae, y = ; and y = | —~ to the samples, it has proved that 
31.4 38.7 


the null hypothesis is not refuted for both lines, but that xo value (0.271) for the 
former is as large as 20 times that (0.014) for the latter, consequently it will be 
more reasonable to obey the latter. 

Thus, we may well infer from the formula that this vole, at least, becomes 
liable to enter the trap after it has been marked and released under the present 
ecological circumstances, so that the replacement of marked voles by unmarked 
ones scarcely occurs during the trapping period. Whether the value of index £, 
which I call “mark-and-release index,” is characteristic of the species, of the 
genus, or of a larger group, and to what degree it is influenced by ecological 
factors, are now almost unsettled, but the survey of these subjects seems to 
throw much light on the population study. At present it may be only stated that 
the wood mouse shows just 8 = 1 according to the data of Burt (1940:13). 

Inasmuch as the trapped quadrat of this study is surrounded by habitats of 
similar type, we have to admit that some immigrants and transients from outside 
the area may be contained in the captured animals and that a part of the residents 
occupying strips outside the quadrat it 


their normal movements may be taken 
in the trap lines. What we attempt to obtain as a population size in a territory 
must be theoretically the number of resident animals on the assumption that they 
have definite home ranges there at least for a certain period of time. Blair (1941 
regarded any animal taken only once as a transient or immigrant to be omitted 
from the calculation of the population. However, to distinguish transients from 
residents only by the number of times that they were caught would be impossiblk 
of this species at least, because their tendency to enter the trap appears to vary 
with their individuality. 

Taking account of the effect of the trap lines upon the residents outside the 
quadrat, it is regarded as justifiable to compute the population size by dividing 
the number of captured animals by the marginal area, a width of one-half the 
average width of a home range plus the actually trapped area (Dice, 1938, 1941; 
Burt, 1940). Stickel (1940), however, presents a more reasonable idea in this 
respect. 

As will be described later, the average size of home ranges of males and females 
together is 0.15 acres, its square root (24 meters) being considered as the averagt 
width of a home range. Then, the sum of the trapped area and the additional 
border area gives 2.4 acres. Thus, the population per acre is computed to be 16.1 
by dividing the estimated population above noted by the total area. This popu 
lation size, obtained in early November, is indicative of a notably higher concen- 
tration of the vole; although a few transients and immigrants which occurred 
during the period studied may be involved in the population. The size surpasses 
the maximum value (10.9) in late November for Peromyscus leucopus, well known 
for its abundance and its readiness to enter the traps, afforded by Burt (1940), 


whose conclusions seem to be one of the most reliable knowledges for the present 
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The population density of the Bedford’s red-backed vole (Clethrionomys rufocanus 
bedfordiae) which was investigated by Ueda (1949) on the lowland of Hokkaido 
from June to December, 1946, is discovered to be of the highest value (9.4) in 
June and of the lowest (1.4) in November. The latter value is in marked contrast 
to that of the Smith’s vole in Shikoku. 

Home range.—The cruising range of each vole captured two or more times is 
shown in Figure 3, in which a consecutive series of points of capture are con- 
nected by a line beginning with a dot and ending in a sagittal mark. From this, 
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it is clear that the vole mostly appears within the range of the neighbouring one 


to three traps, prevailing] restricted to two traps, ¢ 


ven when the individuals 
captured over three times (3 to 7 times) are considered, su 


ggesting that the 
home range extends not widely around the center of activity. 

The calculation of the home range was made, without making a theoretical 
analysis for estimating because of insufficient material, to include unit squares 
occupied by traps where one animal was taken, each square covering 0.057 acres 
surrounded by lines running midway between adjacent traps. If two squares are 
separated by a trap in which it was not taken, one intervening square is allowed 
to be contained in the home range. Thus, the size of the home range is in average 


0.15 acres (0.1-0.2 acres) for the animals captured three or more times, in which 
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both sexes, full-grown, young-adult, and subadult are combined. The value is 
within the range of 0.07-0.23 for the Bedford’s vole during the summer offered 
by Ueda, but generally less than any mean value ever reported of Peromyscus. 


Hayne (1950) holds, after having studied the home range of a meadow vole, 


that the calculation of the area covered by its cruising range approaches merely 


the apparent home range, the determination of which does not seem to reveal a 


biological characteristic of the normal life history, because the apparent home 


range obtained in this manner appears to reach a maximum value after a number 


> 


TABLE 3 —Trappir 1 record in a Cryptomeria affo estation in southe Shikoku 
APODEMUS GEISHA APODEMUS SPECIO 
DATI 
194° TOTAL 
. a ali Previously : Previously 
t — Marked { exe Marked 
April 8 0 ] 0 l 
April 9 2 0 0 3 
April 10 ] 0 0 { 
April l 0 0 4 
April 12 l 0 0 2 
April 13 l U { 2 
Total 10 2 if 
TABLI -T'} trapp na reco ima , fi é } Si ol 
LETHR MITE E 
A 
94 
1 Prev , 7 Pr i 
Mark Mark 
Dee r 93 () 0 ( 0 
Dece er 2 { 9 
yece € 2 ] 4 
T } yd ( 9 ) ) 9 
Ve ri t 
lo 2 1 
ptures, but the maximum values are dependent on the distance between 
>} ) 1. } 1. 1 1 - 1 , 
raps. Blair (1942) excluded all individuals that were caught less than te 
ae ; : . , 
times from the calculation of the home range size in the study oi the deer mous¢ 
: . ; , 
reason ti! such nimals seldom ceased to increas the ir hom«e ranges 
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whereas the distance between the traps set was 25 meters for the latter instead 
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tomeria afforestation was performed at a height of 700 to 800 meters on Mt. Hozo 
in the northeastern uplands of Kochi Prefecture. The method employed was, 
though less adequate, principally the same as before, namely the traps were set 
at irregular intervals mainly on new passages or at new burrow exits of the 
animal through the area covering about 3.6 acres. 

From the record (Table 3) one can see that the trapping efficiency is very low 
and infer that a thin population of mice inhabits the area, which is occupied by 
only two species of mice, although the population of the wood mice is known to 
be least in the spring according to Burt (loc. cit.; minimum average value 3.1 in 
mid-May). The dominant species was the long-tailed field mouse, its population 
being found within a restricted territory with many stumps and logs in the east 
slope of the area, and two adults, male and female, of the Japanese field mouse 
occurred solely far apart from the place of the former group. 

If the data, though not sufficient, of the long-tailed field mouse are theo- 
retically analysed for estimating the population size, the mark-and-release index 
appears to approximate 1 in value, giving rise to 8.7 as the theoretical size. Thus, 
the population per acre is 2.5. 

The result of the trapping work carried out in a virgin Tsuga forest on the 
northern upland of Kochi Prefecture is shown in Table 4. The traps were set at 
intervals of 15 meters in the plot covering about 2.1 acres at a height of 900 
meters. The total number of individuals treated during five days was merely ten 
The population density obtained directly from the result is only 1.9 for the 
Smith’s vole and 0.9 fur the field mouse in late December. This offers distinct 

vidence to show an extremely thin population of these animals in this region. 

Eventually, attention should be paid to the fact that the Smith’s red-backed 
vole is very scarce on the southern upland, whereas it is fairly abundant on the 
central high mountain in Shikoku 

Summary.—The trapping record of the Smith’s red-backed vole in early 
November at a height of about 1700 meters on Mt. Ishizuchi can be well ex- 


pressed by an exponential formula y R , in which the value of the index 6 


s 0.61 and the theoretical size of the population (P) is 38.7, the former being 
suggestive Ol the increase of its liability to enter the trap once it 1s marked and 
the latter being indicative of its high concentration (16.1 per acre) on this moun- 
tain. The size of the apparent home range was 0.15 acres in average. In spite of 
such a high density on the central high mountain, the voles and the field mice, 
espe cially the former, appear to be notably small in population on the southern 


uplands in Shikoku. 
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FOOD HABITS OF BALTIMORE, MARYLAND, CATS IN 
RELATION TO RAT POPULATIONS 


By Wriu1Am B. JACKSON 


That cats (Felis domestica) are important in the control of rats and mice is a 
well established fact in the minds of many people. Since data are lacking, the 
object of this project was to secure information on the cat as a rat predator 
The observations were made in two residential areas of Baltimore, Maryland, 
during the summer of 1949. Some of the cats in these areas have returned to 
the feral state. That some individuals are several generations removed from 
domesticity is suggested by the fact that one of the most common color patterns 
is the wild “tiger-stripe.’”’ These cats live in deserted basements and other 
secluded spots, and forage for food in the block. Though many of the cats are 
semi-domesticated, ard are fed limited amounts of table scraps, they, too, 
probably search for food in the block. Thus it seems that virtually all of the 
cats may be considered as possible predators on rats (Rattus norvegicus). 

The alley cats studied live in residential blocks densely populated by Negroes 
and Caucasians of a low income level. The houses, generally two- or three-story 
brick structures, are arranged in solid rows facing the street; the back yards are 
narrow, opening onto an alley. Often board fences, wooden sheds, outdoor toilets, 
or piles of wood or junk are part of the backyard environment. 

The method was to search the yards in sixteen such blocks for cat feces. Scats 
were usually found in cat scatoria and were taken to the laboratory for exam- 
ination. Since the blocks were selected without regard for their rat or cat popula- 
tions, these collections can be considered as random for this part of the city. 


Another collection of feces was made in a similar row-house area in conjunction 
with an experiment on the use of rat poison, Compound 42 (M. W. Schein, 
Pub. Health Rept., 65: 368-72, 1950). Here, six blocks with high rat populations 
were selected. Collections were made before and directly after poisoning to deter- 
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mine if a difference occurred in the proportion of scats containing rat remains, 
for it was thought that rats in advanced stages of poisoning might be more 
vulnerable to predation. 

To identify the various components, the scats were examined under a stereo- 
scopic microscope. Presence of teeth, bones, and hair facilitated accurate identi- 
fication of the rodents. Thanks are due to Mr. William Stickel of the Patuxent 
Research Refuge, Laurel, Maryland, for his suggestions on identification of 
animal remains. 


In addition to these two field projects, a laboratory study was conducted with 


three cats loaned by the Department of Physiology. The cats were fed known 
amounts of ground horse meat, garbage, rats, and mice. The time required for 
the passage of food through the digesuve tract was determined by examination 


of the daily collections of scats. 


Tal p 5 5 
Ni t Rat = Ss 29 
H Mu * 
Cc IS UU 
G 
T 55 
63 LOM 
f al 
o 
Tr 
} t} 
| { r 
het s no significant difference in the frequency of occurrence of types of 
food net een the two areas or between the nre and post poisoning collections 
from the second area; therefore, the data have been combine 1in Table 1 to show 
the proportion of scats and scatoria containing various substances. The high 
prevalence of garbage agrees with observations that most cats survive by 


feeding on garbage or, to a lesser extent, by being fed table scraps. The low 
prevalence of rodents indicates that they are a small item in the diet for most 
cats. The almost trace status of the house mouse (Mus musculus) can perhaps 
lives almost entirely inside the 


ly live outside the 


be explained by the fact that this mammal 
houses and seldom ventures outside, whereas the cats general 
inhabited buildings. With the exception of a possible starling (Sturnus vulgaris 
all the bird remains were those of domestic kinds. Since these remains invariably 
were a few feathers, claws, tarso-metatarsal and digital scutes, and foot bones, 
it is concluded that they should be classed as garbage. 

Examination of eleven scats from a farm near Baltimore revealed that nine 
contained either Norv ay rat or meadow vole (Microtus pe nnsylvanicus) and two 
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contained large amounts of poultry remains, which probably resulted from kills 
of barnyard birds. 

These data are in general agreement with those of McMurry and Sperry 
(Jour. Mamm., 22: 185-90, 1941) who found that the diet of feral cats in an 
Oklahoma residential area contained only 10 per cent rodents, while birds and 
rodents made up 85 per cent of the diet of feral cats in rural regions. Perhaps 
the low proportion of rats in the diet of urban cats is due to the general avail- 
ability of garbage, which reduces the necessity of subsisting on rodents. 

Attempts to correlate the number of rats eaten per block with such factors 
as (1) rat population of the block or dwelling unit, (2) an increasing, decreasing, 
or stationary rat population, or (3) the number of cats in the block, were unsuc- 
cessful. Perhaps when we learn to evaluate the protective nature of the environ- 
ment we may find correlation between the adequacy of harborage and food and 


the level of predation 


{BER AT PER 4 FRE ENCY NUMBER O 


The results of the laboratory studies of the cats show that most of the rodent 


remains (rat or mouse) are passed through the digestive tract within two days 
after feeding, and that after this time any remains generally will occur in small 
quantities. A day without defecation or the bulk of a large rat may prolong the 
total period of passage through the digestive tract 

Often the laboratory cats passed more than one scat each day. (In this paper, 
any fecal segment over 3 cm. in length is considered as a whole scat. It was not 
deemed advantageous to analyze the data by taking the volume of the scat into 
consideration.) Table 2, based on 115 seats defecated over a period of 50 days, 
shows the frequency of multiple defecations. With this data, an estimation can 
be made of the number of days represented by the field collections of 500 scats 
by a simple proportion (50/115=2/500; «=218). Since these laboratory cats 
were fed a diet somewhat similar to that of the alley cats, and since the scats 
were similar to those from the field collections, it is a reasonable conclusion 
that 500 scats represent approximately 220 days in the life of a single cat 

It is interesting to speculate on the effect of cats on a rat population. The 


blocks had an estimated population of about 1000 weaned rats (census method 
of Emlen, et al. Ecol., 30: 430-42, 1949). For the purpose of calculation let us 
assume that the rat population of all the blocks represents a single population 
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of rats, and that one cat defecated the 500 scats over a period of 220 days. The 
number of rats represented in the scats is estimated, on the basis of laboratory 
examinations, to be 17. Therefore, this theoretical cat would remove 28 rats in 
a year (17/220=2x/365; r=28 rats 

These 500 scats are believed to come from 45 different cats (number of sca- 
toria=number of cats), about two-thirds of the 70 cats (by actual count) in 
the area. Hence, during a year, the cats in this area would eat about 1960 (70 
< 28 = 1960) rats. This population of 1000 rats contained about 400 adult 
females, each of which weaned about three litters of eight rats a year, or a total 
of 9600 rats (D. E. Davis, unpublished data). These speculations indicate that 
the cats eat about 20 per cent of the rats that must die during the year to main- 


tain a stationary population, or about 18 per cent of the tota! population. In 


addition, cats may kill, but not eat, a number of rats during the year. It must 


not be concluded on the basis of these rough speculations that the rat population 
would increase by 20 per cent if the cats were absent 

Summary.—To determine the predatory relation of alley cats (Felis domestica 
to Norway rat (Rattus norvegicus) populations in the row-house slum area of 


] 


Baltimore, 500 cat feces from 45 defecatoria were collected and dissected. Analy- 


a 
d that rat remains occur in the scats with a frequency of 6.7 per cent, 


“a h QT Wwe 
and that garbage or table scraps constitute the bulk of the food of most cats. 
La ratory observations indicate th it ibout two days are required for the 
passage of rodent remains through a cat’s digestive tract, and that the 500 
re roughly equ nt to 220 days of defecation for single t. It is 
spr ted that the predation of thess ts constitutes only abo 0 per cen 
f the ant pos mortality necessary to keep the population stationary. 
; I Hor I S 
} { 0. 1950. 7 
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GENERAL NOTES 


PEAK POPULATIONS OF PEROMYSCUS MANICULATUS GRACILIS 
IN NORTHERN ONTARIO 


During the fall of 1949, Mr. J. L. Grew, Supervisor of trapline management of our Depart 
ment, returned from a trip through northern Ontario and handed the writer a bottle con 
taining mice which he had collected near Severn River on September 20, 1949. He reported 
excessive populations of mice and said that they were seen in large numbers around settle 
ments. He also saw a few swimming in the river and mentioned that one boy living in an 
Indian camp north of Big Trout Lake caught three hundred mice during one morning. The 
mice were determined to be one Microtus pennsylvanicus and six Peromyscus maniculatus 
g racilis 

As this appeared to me to be an interesting case of a peak population of Peromyscus so fat 
north, I asked Mr. W. C. Currie, the local Wildlife Management Officer of our Department, 
to provide me with more information, if possible. He reports the following: 

During the fall of 1949 abnormally high numbers of mice were noticed throughout the 
entire Patricia area (the portion of Ontario adjoining Hudson and James bays). Every 
Hudson’s Bay Post reported mice to be more abundant than for many years. 

There were several mice swimming in the rivers, but more were seen floating around dead 
The only place where Messrs. Grew and Currie spent any time on a river was on the Severn, 
about sixty miles from its mouth. However, the same report came from all other parts in the 
area and trappers stated that they had seen several dead mice floating in lakes and rivers 
and a few of them around their camps 

During the summer of 1950, trappers in the area north of Pickle Lake up to Hudson Bay 
reported seeing no mice at all, or in very rare cases one or two. 

The species observed were, according to Mr. Currie, thought to be mostly “lemmings” 
(probably Clethrionomys or Synaptomys), but there were also deer mice and voles. 

The above information indicates possible population peaks of several small rodents 
during the year 1949, and a subsequent crash. Although such peak populations are known 


to occur among lemmings and voles, they possibly are not recorded—at least at such a high 


latitude—in Ontario for the deer mouse.—A pE Vos, Department of Lands and Forests, 
Toronto, Ontario. Received February 10, 1961. 


RED FOX FOOD HABITS IN A WILDERNESS AREA 


During 1947, the author conducted a food habits study of the red fox (Vulpes fulva) on 
the Huntington Forest, a large experimental area owned by the New York State College of 
Forestry in the central Adirondacks, as part of a master’s thesis. This portion of the Adiron 
dacks is characterized by rough topography and is almost entirely forested, thereby giving 
the opportunity to study red fox food habits against a somewhat different ecological back 
ground than many prior investigations These have tended to be located in areas of mixed 
farmland and woodland which are considered more typical range. A total of 400 scats from 
all periods of the year was collected and analyzed. In addition, an attempt was made to 
correlate these findings with data on the abundance and availability of fox foods on the 
area. The author is indebted to the Roosevelt Wildlife Station, New York State College of 
Forestry, whose studies on this same area over a period of years were invaluable in sup 
plementing his own records. This article summarizes the tentative conclusions that were 
reached in the study 


Seasonal feedin ) variations.—It was demonstrated once again that the feeding h: 


ibits o 
the red fox are such that it may truly be called an omnivorous animal. Almost every item 
that could conceivably be ingested was found to be part of the diet of the fox. In spite of its 


omnivorous character, the mainstay of fox diet throughout the vear was mammalian m: 


terial. Mammalian tissue showed a frequency of almost 100 per cent in the scats during th 


winter and spring and never dipped lower than 70 per cent even in the height of the mid 
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summer fruit season. The composition of this mammalian diet varied with the season. Deer 
flesh, mostly carrion, was most important in the winter and early spring. This item never 
dropped out altogether even during the summer. During the lean months of May and June, 
all other mammalian food items showed a rise in frequency as deer flesh began to decline. 
In 1947, during this period, the incidence of insectivore remains gradually increased until it 
assumed first place which had been held by deer flesh up to that time. The insectivores re- 
mained in this position through July and continued to be an important food item until the 
end of the study in September. Mouse remains, slightly more prominent than insectivores 
in winter and early spring, were surpassed in June by that group. They attained the lead 
once again in August and did not show any noticeable midsummer drop in frequences of oc- 
currence in the scats. Remains of the white-footed mouse were predominant in the mouse 
group by a wide margin. Occurrences of both the red-backed vole and the jumping mouse 
were relatively low and tended to remain at a constant level. The larger mammals such as 
red squirrel, chipmunk, and snowshoe hare were found with regularity in the scats, but 
never attained major prominence. Their highest incidences of occurrence were in the winter 
and early spring period (except chipmunk) with a gradual decline as the summer progressed 
until September when there was evidence of the beginning of a new rise 

Bird remains were found in the scats at all seasons and tended to remain at a rather con 
stant frequency level of about 10 per cent, although there was a rise in July and August. 
Some of the remains were positively identified as grouse, but most were classified as “‘un 
identified bird.’”’ Therefore, no definite conclusion can be reached as to the degree of preda- 
tion exerted upon this game bird by the red fox 

The incidence of fruit in the diet showed a sharp rise in July 


after a small beginning in 


June. The peak of consumption was reached in August, when it was the food item with the 
highest frequency of occurrence. In September it was equal to the consumption of mamma 
lian food material, but was starting to decline. Raspberries and blueberries, which are wide- 
spread over the Huntington Forest, furnished the bulk of this fruit diet 

Correlation of abundance and availability with consumption —The comparisons of abun 
dance and availability of food items with actual consumption in this study proved that the 
red fox generally eats what is most abundant and readily accessible. This generalization 
holds rather well when it is applied to individual items in the fox diet, although there are 
discrepancies that would seem to indicate some degree of preference. Methods of determin- 
ing abundance and availability varied according to the nature of the food item under con- 
sideration. Line transects of an extensive nature were used to sample the production of 
9 } 


iy fruits while trapping and accumulative observations provided data for estimating 
) 


abund ince and aval 


ibility of mammals, birds, snakes, and amphibians. Measurements of 





>in an absolute sense, but it is believed that they give a 


these items were not quantitat 
fair picture of the relative amounts of the various potential food items that were present 
in the area 

The consumption of these various food items followed the varying abundance and availa- 
bility with a satisfactory degree of sensitivity in most instances. Correlations for deer, 
birds, red squirrel, chipmunk, and the various species of mice were very good in this regard. 
The high incidence of insectivore consumption was not supported by trapping results, 
but this was believed to be due to faulty technique of sampling for this group. Dead in- 
dividuals were encountered on the little-used roads and trails of the Huntington Forest to 
. greater extent than other small animals. In addition, correspondence with Dr. C. David 
Fowle of the Royal Ontario Museum of Zoology mentioned a suspected high of insectivores 
in Ontario in 1947, while Shapiro (Jour. Wild. Mgt., 14: 359-60, 1950) reported a high popu 
lation near Syracuse, New York, in 1948. This high incidence of insectivores in the scats 
was surprising in view of the generally accepted idea that they are distasteful to the fox. 
One may speculate as to whether a high insectivore population combined with a low popu 


ation of other, more acceptable, prey such as mice upset normal preferences. Among the 


fruits, sarsaparilla occurred with a frequency in the scat analysis apparently out of propor 


on to its minor position in the flora of the forest. Bunchberry, while it was common and 
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Co 


widespread over the area, was not taken by the foxes. A preference and an aversion, respec- 
tively, would seem to be indicated. 
The food habits of the red fox in this wilderness area as shown by this study appear 


economically neutral. Poultry and livestock are not comm 





maintained in this region 





and so are not subject to fox predation. The principal game bird of the Adirondacks, the wee 
: ; : 3 ; tiona 
but the degree of predation could not be determined by this 


study. Winter observations indicated that most of the feeding on deer flesh was on carrion . 


ruffed grouse, is preyed upon 


V 








and thus symptomatic rather than causative of the unfavorable condition of the Adirondack 
deer herd toBERT L. Scuve ter, U.S. Fish and Wildlife Se e, 906 Beacon Street, Boston, 
Va Received February 6. 1961 


FOOD OF A CRIPPLED RED FOX terial 
: hind 








Ordinarily the red fox (Vulpes fulva) feeds largely on rabbits and rodents in the winter 
season. On March 2, 1949, a “‘peg-leg”’ red fox which had the right front paw missing was evur 
shot by Mr. William Clapp in Portage County, Ohio. Presumably the paw was lost in a trap — 
from which the animal had managed to escape. Thus hampered it was unable to pursue its r 
usual prey. A stomach analysis by W. G. Purgert and the writer revealed that the stomach — 
was completely filled with a mass of timothy grass (Phleum pratense) and a few miscellane = 


ous herbs. Survival had depended upon an entirely ve 


retarian diet. Other red foxes ex- 
amined that season contained the usual remains of rabbits and rodents with only a smal 
ant materials.—Raupen W. Dexter, Kent State Unive ty, Kent, Ohio. Received 
Februa > 1951 it 
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EARTHWORMS IN THE WINTER DIET OF THE OPOSSUM AND RACCOON lle 

The opossum (Didelp} ginitana)and raccoon (Procyon lot ire well known for their pp 
omnivorous food habits. Earthworms, however, ted in their diet but a few , 
times, especially for the winter season. Taubes 11: 97-108, 1947) found 133 
innelids accounted for 8 per cent of stomach cor ind spring-caught opos Eld 
sums. Hamilton (Ohio Jour. Sci., 36: 131-140, 1936) was the first to report earthworms fron ni 
stomachs of raccoon and demonstrated the importance of such food during the fall ind cal 
winter seasons. He found these animals with a frequency of 19.9 per cent and to constituté : 
8.44 per cent of the contents fr raccoon stomachs. Stuewer (Ecol. Monog., 13: 203 coll 
257, 1943) ranked earthworms fourth in importance on a year-round basis as indicated b WCE 
; . 91 ft the sen Ho 

In winter the ¢ rT re usually deep in the so is low the fros I win 
tl ters of 1949 and 1950 mild weather prevailed during 1 yf the season in Not 4 
eastern Ohio. Of 13 stomachs from the opossum taken by trappers in January, 1950 y the 
contal eartl ns. These constituted 15.3 per cent of the total volume of stomach cor wl 
tents ! 13 e3 The stomach contents of two rai s captured on Januar 7 ing 
and 1ar 49, consisted of 20 and 50 per cent earthw respectiv Kig On 
s I ron m trapped in Portage County during the of Janu 1950 cay 
Ww so ed. The weathe the e thes inl opossums tione ap] 
ibo l unseasonal un th an unusual yu in which « te ait 
tl \ t grou Kart! ms I 150 p cE re I l id cons 12.6 ul 
per cent of the total volume of stomach contents. A raccoon killed during a midwinter tha 
on January 19, 1951, by Bernhardt Raithel in Portage Cour yntained two fragments o au 
an earthworm. Apparently these species are able to find earthworms in significant quantit 
during mild weath« the winter season. The following stu s assisted in this stud de 
R. T. Hird, D. E. W rly, W. N. Byrn, and John M | Ratpu W. Dexter, Ke 
Sta i K O} Received Fet ) 195 at 

THE USE OF THE TAIL BY AN OPOSSUM 

The opossum’s use of its tail to carry objects was apparently first recorded by Pray 

(Jour. Mamm., 2: 168-169, 1921) who described and illustrated t method of holding leaves 











Nov., 1951 GENERAL NOTES 165 


in the tail, but did not record the manipulations involved in gathering and placing the ma- 


tecent observations on a young male opossum, Didelphis v. virginiana, kept in captivity 
since September, 1950, in a large outdoor cage at Ithaca, New York. have provided addi- 


ynal information on this use of the tail in carrying nest material 


On numerous occasions, both during the d 





ind in the evening, this animal has been 
observed gathering dead leaves, feathers, or scraps of newspaper and carrying them with its 


1¢ 








o a nest box. The procedure of gathering and iffixing the material in the tail is almost 
nvariably the same. Grasping the object in its mouth, the opossum passes it back under 
arched body with the aid of its fore feet. The tail is held curved beneath the body, the ma- 
erlal pu hed into the resultant crook where it is firm] p ucked by alternate thrusts of the 
hind feet, and the animal moves off with the objects gripped in the coiled tail. Usually it 

urns directly to the nest box to deposit its burden, but at times hesitates to feed or drink, 
r g its clasp on the leaves or other debris the meantime 

The ir vid der observation is somew! handi ippe 1, since the tail has been re 

iced through self mutilation to a stub about one-] the original length. Mutilation of 


common occurrence among captive opossums.—JAMEs N. Layng, De- 
é tion, Cornell University. Itha New Ye Re ed February 6. 1951 


ary », 4901 











é finesquei (Lesson) from Arkansas. This was a skeleton, no. 5645 Univ. Kansas 
ba aaes ‘ n at Mulberry, Crawford Cour Arkansas, October 1, 1926. This species 
ears to be sporadic in occurrence throughout its range. It has been reported from Illinois 
Necker and Hatfield (Bull. Chicago Acad. Sci., 6: 1941) and by Elder (Jour. Mamm.. 26 

134, 1945) who obtained a sight record in northeastern Alexander County, Illinois 
ler (personal communication) has also obtained a specimen from Stone County, Missouri, 
ch is just across the Arkansas line in southwestern Missouri. In view of its supposed 
ircity in Arkansas, the follow ing additional ré cords of this bat are presented 
The first specimen collected vas al adult male Univ Arkansas Loolog’ Department 

llection, no. M50-6) which was tal en on October 15, 1950, from Hewlitt « ¢ 12 miles 





vest of Fayetteville, Washington County, Arkansas, by the writer ir 


‘ 1 company with Dr. 
lo vard y oung al d Mr Barr\ Walker TI 18 spt cimen was not ina hibernating condition 





hen collected. On December 4, 1950, the writer and Dr. Young again visited Hewlitt cave 
1 collected another adult male (no. M50-14) in a hibernating state. On January 12, 1951, 
ed an adult female (no. M51-1) from a cave known as the Devil’s I 


cebox 











’ 
which is located about 25 miles southwest of Fayetteville, in Devil’s Den State Park. Wash 
ngton County, Arkansas. This specimen was also in a hibernating state when collected 
On February 24, 1951, eleven additional specimens of this bat were collected from this same 
ave (nos. M51-51 to M51-61). Three of these were males while the rest were females. They 

ippeare d to be in a state of I artial hibernatio1 \ of the males were 1n full breeding con 
ition with testes descended and the reproductive tracts of the females were enlarged and 

urgid 
Out of a total of over 15 caves visited, that were within a 25-mile radius of Fayetteville. 


iring a period of over four months, this species was found in only two. From the number 


records, it does not appe 





} +} . f =| + } ha " ' 
o be particularly rare in this region of Arkansas, but it is 
sporadic in its occurrence 


Mr. Colin C. Sanborn of the Chicago Natural History Museum has kindly verified tl 





dentification of this species —Joun A. SEALANDER, JR., De] 


irkar sas, Fa jé tteville, Arkansas Receive l Fet l 15, 1961 


CONSUMPTION OF SHRIMP BY THE BOTTLE-NOSED DOLPHIN 


Shrimp are among the most abundant marine an 


ms of species mass, in shal 





low waters of the Gulf Coast of the United States, support a large commercial 
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fishery, which in some years produces 200,000,000 pounds. Shrimp are eaten by a wide variety 
of marine organisms. A recent manuscript by an authority on shrimp, Mr. Martin 
D. Burkenroad, states that they are eaten by practically all organisms that live in, over, or 
near the sea, including at times even the jellyfish. The writer wishes to record here certain 
information showing that shrimp are also an article of diet of the bottle-nosed dolphin, 
Tursiops truncatus (Montague), the common “‘porpoise’’ of the south Atlantic and Gulf. 

In a previous paper (Jour. Mamm., 23: 267-276, 1942) the writer recorded one shrimp 
among many fishes taken from the stomachs of dolphins in Texas waters and reported fisher- 
men as saying that the dolphins eat shrimp. At that time the late E. A. McIlhenny of Avery 
Island, Louisiana, got in correspondence with me and gave supporting information with 
permission to publish it. The recent death of this well-known naturalist and conservationist 
reminded me that the material has gone unrecorded. Mr. McIlhenny’s letter of February 
8, 1944, stated as follows: 

“In this connection, the following fact may be of interest: For many years it has been 
the custom of this large plantation to use Porpoise or Dolphin skins for the making of the 
leather harness used on the mules in plowing the fields. The reason for using porpoise skins 
was that it contains so much oil that it remains soft and does not harden with the excessive 
rains we have all during the summer. Each spring, for many years, I would go out into the 
passes connecting Vermilion Bay with the Gulf, and harpoon porpoises to obtain their skins 
On March 12, 1938, I harpooned three large porpoises in Southwest Pass between Marsh 
Island and the mainiand connecting Vermilion Bay and the Gulf. The pass is from 80 to 
100 ft. deep, and about three miles long. These porpoises were skinned within one-half hour 
after being caught, and upon opening them I found from one to two gallons of extra-large 
shrimp in their stomachs. These shrimp were so fresh that after washing in several waters, 
they were cooked and used for food. Not one of all the shrimp taken from these porpoises 
were mangled. They were evidently swallowed whole, and probably swallowed only a few 
minutes before the porpoises were caught 

“On a number of other occasions I have found shrimp in the stomachs of porpoises.”’ 

The writer’s paper (op. cit.) mentioned the fact that the bottle-nosed dolphin is trouble 
some to shrimp fishermen because it tears open the trawls to get to the catch. At the time 
that paper was written it was thought that the animals tore open the nets chiefly for the 
fish within. It now seems more probable, however, that they will eat both the fish and 
shrimp taken in the shrimp trawls 

The writer (op. cit.) had noted that the bottle-nosed dolphin does not bite or mangle the 
fish it swallows. Shrimp are much more fragile than fish, but Mr. McIlhenny’s observation 
indicates that they follow the same habit when feeding on shrimp.—G. Gunter, Institute 
of Marine Science, The University of Texas, Port Aransas. Received February 13, 1951 


A CRANIUM OF MAMMUTHUS (ARCHIDISKODON) CF. IMPERATOR FROM 
NORTHEASTERN SOUTH DAKOTA 


The first proboscidean cranium from South Dakota was collected by the South Dakota 
School of Mines and Technology Museum of Geology in the Fall of 1949. This specimen 
was found seven feet below the present ground surface in the Wisconsin Drift six miles north 
of Mina, Edmunds County, South Dakota, on the O. C. Kienast farm, in the NW } Sec. 13, 
T. 124 N, R. 66 W, Pembrook Township. 

Previous proboscidean remains found in South Dakota have been restricted to mandibles, 
isolated teeth, tusks, and skeletal fragments. This specimen (SDSM no. 4911) consists of a 
badly crushed cranium with one tusk, the right third upper molar, and several fragments 
of vertebrae, ribs, metapodials, and phalanges. 

The skull was apparently uncrushed prior to discovery. It was found during the excava- 


tion of a stock tank. The bulldozer ran over the skull several times before it was exposed 
and finally uncovered it by cutting through the top of the cranium and through the center 
of the tusk. During collection the curvature and size of the entire tusk was determined and 
plotted. The bone was in excellent condition and most of it was readily prepared by soaking 
and washing in water. 
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A point of interest is that the right side of the forehead in the region of the frontoparietal 
suture has a depressed area 5$ inches in diameter and 14 inches deep. The bottom of this 
area is very rugose, being composed of callous bone tissue. It may be postulated that this 
represents an old and completely healed wound, possibly inflicted by another elephant. 

The tusk measured 12 feet 6 inches from the alevolar border to the tip, the diameter 
of curvature from the center of the tusk at the alveolus to the tip was 71 inches, the diameter 
of the tusk at the alveolus was 7 inches. The single cheek tooth, the right M!, has an antero- 
posterior diameter of 187 mm., the greatest transverse diameter is 97.3 mm. There are four- 
teen plates with seven plates to 10 cm., three of the loops are contiguous. The enamel is 
strongly crenulated and the cement on the lateral borders has a maximum thickness of 3 
mm.—J. R. MacponaLtp, Museum of Geology, South Dakota School of Mines & Technology, 
Rapid City, South Dakota. Received January 29, 1951. 


A FEMUR OF A (?) CHALICOTHERE FROM THE PLIOCENE OF UPPER BURMA 


The purpose of the present note is to draw attention to an apparently interesting dis- 
covery, now more than half a century ago, by Dr. F. Noetling, but almost completely over 
looked thus far. 

Noetling (1897a), paleontologist to the Geological Survey of India, published an article 
about a slightly injured left femur found by him in a ferruginous conglomeratic layer at 
Yenangyaung, Upper Burma, Pliocene in age, and identified as ‘Hippopotamus irravadicus, 
Caut. and Falc.’’ Noetling’s paper is illustrated with three views of the bone, } natural size. 
A figure of the bone as found in situ is given in a subsequent paper (Noetling, 1897b: 241, 
fig. 3). Apparently since this bone was found in (not too close an) association with certain 

worked flints, the femur found its way in archaeological literature and completely es 
caped the attention of vertebrate paleontologists thus far. For the sake of completeness I 
may list the references to the fossil femur of Upper Burma which I could find: Swinhoe 
1902: 323-24), Pascoe (1912: 53), Das Gupta (1923: 14), Mitra (1927: 133), and Hooijer 
1950: 36). In the last mentioned paper I took up the question of the true relationships of 
the bone, stated that it cannot belong to the genus Hippopotamus because of its having a 
third trochanter, and suggested that it may be a perissodactyle femur. The identification 
of the specimen seems not to have been questioned before; in fact the femur is not mentioned 
at all in the literature on fossil mammals from Burma (Colbert, 1938, 1943) nor in the more 
recent archaeological literature on Burma (Movius, 1943, 1944, 1949 

I have now come to the conclusion that it is probable that the femur belonged to a chal 


the top of the great trochanter to 


cothere. The length (given by Noetling as 600 mm. fron 





the middle of the distal condyles) indicates that the must have been about the size 





the Miocene North American Moropus, of which a number of femora have been available 
to me for comparison in the American Museum of Natural History, as well as the 
one figured in Holland and Peterson (1914, pl. LXX 

After having made comparisons with all sorts of recent and 


fossil mammals to which the 
fossil femur from Burma may belong I decided that chalicothere relat 


} } 


nas ever deen descr it 


onships are the most 


probable, but no femur of an Asiatic chalicothere ed thus far, although 






we know Macrotherium sal 
Pinjor zones, respectively , of the Indian Siwaliks (Colbert, 1935), of which t 


num and Nestoritherium sivalense from the Chinji-Nagri and 
the I 


e Burma 
fauna with which the femur under consideration was found is only an eastern extension 
Vestoritherium sinense occurs in the Middle Pleistocene of southern China (Colbert, 1934 
384), and puzzling Postschizotherium chardini Von Koenigswald is from the Pliocene of 
southeastern Shansi (Yushé), and from the Lower Pleistocene of Nihowan, China (Teilhard 

Chardin, 1939). The Mongolian chalicotheres are Eocene through Miocene in age (Col 


bert, 1934), while Lower Pleistocene molars (Von Koenigswald, 1935: 1939: p. 39; 1940, p 61, 
pl. IT, fig. 13) indicate the presence of chalicotheres in Java 

Thus, although we certainly need a better specimen to settle the identity of this large 
mammal, I would not be surprised if chalicotheres turn up some day in the Pliocene of 
Burma. The associated fauna Hipparior anielopinum and Aceratheriu jdek he 


to Lower Irrawaddies, which now stand as Middle Pliocene (Colbert, 1938: 277) or Upper 








168 


Plioce ne 
form ma 


7 } 
ol cha 1¢ 


COLBERT, 


Das Gut 


HOLLAND 


Hoo1sER 


KoENIGS 


Mirra, | 


Movit 


PASCOE, 
SWINHO! 


TEILHAR 


Dtrk 
Ontari 


JOURNAL OF MAMMALOGY Vol. 32, No. 


Movius, 1944: 37), and during this time some Nestoritherium or Macrotheriun 
very well have lived in Burma. The present find would seem to be the first record 
otheres for Burma. 
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THE SUBSPECIFIC IDENTITY OF THE BLACK HILLS 
FLYING SQUIRRELS (GLAUCOMYS SABRINUS 











In his revision of northern flying squirrels (Glaucomys sabrinus), Howell (N. Amer 
Fauna no. 44; 1918) identified two young specimens from the Bear Lodge Mountains of 
Wyoming as the subspecies canescens of northeastern North Dakota and southern Mani 

ba. Without examining any specimens from there, he also included the Black Hills within 

7 his revision, I collected 15 specimens of flying squirrels from 

he Black Hills squirrels are similar to those of 

r that the name canescens does not apply to 

mens are unlike 10 specimens of canescens from 

( ) series differ to such an extent that the same 
1 both series. The Bear Lodge and Black Hills 
ng squirrels closely resemble the three specimens of bangsi from Wyoming that Howell 

mined. They do not « re closel skull ze and shape with three specimens of 
vel he latter are smaller in external and cranial dimensions 

ze 1 in length of rostrum than the three specimens from Wyoming 

1 tl s from the Black Hills. These similarities with the Wyoming 

he North Da nesce ndicate clearly that the Blacl 

Hill s flying squirrels shou e removed fror nesce d be 
f I assume that the three specimens from Wyoming fall within 

} ;, _ licated bv Howell. If th io not. then neitl lo the 








lults vinter pelage ym the Blac South Dak ure distinctly darker d« 1] 
is rather tl nnamon; tl s are dar gra he muzzle, forehead, and 

; tal areas have a strong buffv wash not sex pees The hairs of the under 
t re slate g pro lly and cinr on distall while it escens they are white 
stally and narrowly gray basally. The tail more dusky and less reddish dorsally and 

er ventrally than is canescens. The head and body length averages 10 mm. greater ir 
slack Hills specimens, and cranial length also averages slightly greater. The greatest 
rence in the skulls. however. is in the leng he rostrum (see length of nasals below 

| | er, the probabilit hat th g he Black Hills specimens nge 
those ¢ esce s slightly more t 99 cer s ascertained by the Student 
I est. The skulls of the Black Hills squirre have great neans tl hose of 
, r gomatk re id } hreadtt } oe nteror tal hre rdtl . t} ) 
stru Che me lepth of the cranium, howe s smaller than that of canescens. In the 
1 »f the depth to the breadth « he | n cas he nesce erage greater. Ir eneral, 
Black Hills skulls be distinguish hose of canescens by greater size and 

I ostrun 

Five specimens of bar from Wyoming were obtained from the U.S. Fish and Wildlife 
Ss ce Collection. Three of these are complete with skin and skull taken in the summer; 
ther two were winter specimens with skin only. There is little difference in the summer 


winter pelages between the Black I 


I 





ills and Wy oming specimens. In those from Wyo 





¢ the upper parts, ur derparts, and are inn yn in the summer the winter, 
he are more VID iceous lors lly and ve ntrall, The tail il winter S blacl ibout the 





iges. In all external respects, the Black Hills flying squirrels resemble the specimens of 


Aik CA 
from Wyoming. The skulls of the Black Hills specimens resemble the three of bangst 


Wyoming; those of ban ire slightly larger (see measurements below 
Che three specimens of bangsi from Montana are also similar to the bangsi from Wyoming 
1 to the Black Hills specimens in pelage color. The skulls of the Montana squirrels, how 
ever, are considerably smaller, with a shorter rostrum than either the Black Hills or Wyo 
ming specimens. This discrepancy within the subspecies of bangsi deserves further investi 
tion when additional specimens are available 


Veasurements.—The following measurements were taken as described by Howell in his 
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revision. The age of the specimens was ascertained by the amount of wear on PM‘ and M?. 
Young adults show little or no wear of these teeth, while in the old adults there is consider- 
able wear on PM‘ and much leveling of the contours on M?. 

Average and extremes of four old adults from Walsh Co., N. D.: skull length, 39.6 (38.9 
40.6); zygomatic breadth, 24.3 (23.7-24.8); breadth of brain case, 18.4 (18.1-18.7); depth of 
brain case 18.0 (17.3-18.7); interorbital breadth, 7.3 (6.8-7.9); length of nasals, 11.8 (11.1 
12.1); ratio of depth to breadth of brain case, 0.98 (0.96-1.00) 

Average and extremes of five young adults from Walsh Co., N. D.: skull length, 39.0 
(38.3-39.8); zygomatic breadth, 24.0 (23.4-24.4); breadth of brain case, 18.0 (17.6-18.3); 
depth of brain case, 18.0 (17.6-18.3); interorbital breadth, 6.9 (6.5-7.4); length of nasals, 
11.6 (11.3-12.1); ratio of depth to breadth of brain case, 0.99 (0.96-1.04). 

Average and extremes of five old adults from the Black Hills, S. D.: skull length, 40.8 
(39.8-41.5); zygomatic breadth, 24.6 (24.2-25.1); breadth of brain case, 19.3 (18.8-19.8); 
depth of brain case, 17.7 (17.3-18.3); interorbital breadth, 8.0 (7.8-8.2); length of nasals, 
12.6 (12.3-12.9); ratio of depth to breadth of brain case, 0.91 (0.88-0.92). 

Average and extremes of seven young adults from the Black Hills, 8. D.: skull length, 
39.8 (38.4-40.5) ; zygomatic breadth, 23.5 (22.2-24.3); breadth of brain case, 18.7 (18.1-19.1); 
depth of brain case, 17.5 (16.8-18.2); interorbital breadth, 7.4 (7.2-8.0); length of nasals, 
12.2 (11.8-12.7); ratio of depth to breadth of brain case, 0.93 (0.91-0.97). 

Average and extremes of three adults (one old adult and two young adults) from Park 
and Fremont counties, Wyoming: skull length, 41.5 (40.8-42.2); zygomatic breadth, 25.0 
(24.7-25.4); breadth of brain case, 18.9 (18.3-19.4); depth of brain case, 18.2 (17.9-18.3); 
interorbital breadth, 7.9 (7.4-8.3); length of nasals, 12.6 (12.2-12.9); ratio of depth to breadth 
of brain case, 0.96 (0.94-1.00). 

Average and extremes for three adults (two old adults and one young adult) from Ravalli 
and Meagher counties, Montana: skull length, 39.4 (39.3-39.6); zygomatic breadth, 23.7 
(23.6-23.9); breadth of brain case, 18.6 (18.2-19.2); depth of brain case, 17.5 (17.4~-17.6); 
interorbital breadth, 7.4 (6.7-7.8); length of nasals, 11.8 (11.4-12.4); ratio of depth 
to breadth of brain case, 0.94 (0.92-0.96). 

I wish to express my appreciation to Dr. E. T. Hooper for the valuable assistance he has 
given me in the preparation of this report—Joun A. Kino, Laboratory of Vertebrate Bi- 
ology, University of Michigan, Ann Arbor, Michigan. Received February 16, 19651. 


MAMMALS OF THE CHASE 8S. OSBORN PRESERVE, SUGAR ISLAND, MICHIGAN 


Sugar Island is in the St. Marys River just below Sault Ste. Marie, Michigan. It is fifteen 
miles long and varies in width from seven miles at the northern end to about two miles 
at the southern end. The northern end of the island is farmed, but the narrow southern 
end is almost completely wooded and uninhabited except by summer visitors, who stay 
mainly on the shore and seldom venture inland except to travel the one county road. The 
island gets its name from the large amounts of maple sugar and syrup formerly produced 
there, and, today, sugaring is still an important source of income for the inhabitants 

The late Chase 8. Osborn, former Governor of Michigan, presented the University of 
Michigan with a large tract of land on the southern end of the island. This tract has been 
consolidated until at present it consists of 3144 acres, and includes rocky shores, open bogs, 
tamarack bogs, spruce and white cedar bogs, upland maple and hemlock areas, upland 
pine and aspen areas, and old fields 

During several periods spent on the Preserve, especially in August of 1948 and 1949 and 
December of 1949, four main types of small mammal habitats have been trapped: 1) mixed 
upland forest of spruce, balsam, white pine, and paper birch, with an understory of moos« 
wood, mountain maple, and sugar plum; 2) nearly mature bog forest of spruce, balsam, 
red maple, and black ash; 3) upland rocky hillsides with an open forest of large-toothed 
aspen, white pine, paper birch, balsam, and spruce; 4) black spruce bog. 

Occurrence records for the larger mammals were obtained from Joseph Andrews, Chip- 
pewa Indian caretaker of the Preserve, his fat..er, John Andrews, who also furnished the 
Chippewa dialect names given here, and from Gilbert Nelson, proprietor of Homestead 
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store. I wish to express here my gratitude to Joe Andrews for his great help as guide and 
teacher, and to Professor W. F. Ramsdell of the School of Natural Resources of the Uni- 
versity of Michigan, and Dr. C. W. Creaser of Wayne University for their aid and sug- 
gestions 

Sorex cinereus Kerr. Masked shrew; Ge-bin-quay-quinse.—Several have been taken, 
most treq 





tly in the damp spruce-balsam-birch forest; also in the cabin woodpile. 

Blarina brevicauda kirtlandi Bole and Moulthrop. Short-tailed shrew.—Taken in all 
habitats trapped, there was a marked increase in their numbers in 1949 

Myotis lucifugus LeConte. Little brown bat; Po-qua-na-ge.—Two were found dead. 

Urusus americanus Pallas. Black bear; Muc-qua.—Frequently seen, tracks are common 
over most of the Preserve. 

Mustela frenata and/or M. erminea. Long- and Short-tailed weasels; Ching-woose.— 
Tracks have been noted in the snow at several localities on the Preserve, but no specimens 
have been collected. 

Mephitis mephitis Schreber. Striped skunk; Chi-gog—Common, especially in the sandy 
uplands and old fields 

Vulpes fulva Desmarest. Red fox; Wa-a-guish.—Common 

Canis latrans Say. Coyote; Mush mane ma-ingon.—Common. Tracks have been seen 
ll localities on the Preserve. They frequently cross and recross the frozen river in the 





Lyax canadensis Kerr. Lynx; Be-jew.—None resident on® the Preserve, but Andrews 
saw tracks and sign in the winter of 1949-50 

Marmota monax Linnaeus. Woodchuck; Coq-wi-geesh.—Common in the hardwoods. 

Glaucomys sabrinus macrotis Mearns. Northern flying squirrel— Three have been 





i iren t] y common 
Tamia sciurus  hudecnions loquax Bangs. Red squirrel; Gid-a-mou.—Common. Their 


f 


numbers fluctuate greatly—from an amazing density in 1948 and 1949 to an almost complete 





disappearance in 1950 


Castor canadensis Kuhl. Beaver; A-mik.—An active colony is present in Little Duck 
Lake. Their cuttings have been seen for a quarter of a mile up the river shor 
Peromyscus maniculatus gracilis LeConte. Deer mouse; Quay-non-wit-wa-wa-go-no 


chi y common; taken in all localities 


Clethrionomys gapperi gapperi Vigors. R: -backed vole; Wa-mik-v 








i 


Have been taken in a variety of habitats, including upland mixed forest, rocky wooded 
hillside, and, in winter, in the black spruce bog. Two gravid females, taken on 21 August 
1949, had fi and six embryos each 


Microtus s pennsyivanicus pennsylvanicus Ord. Meadow vole.—Probably common, but 
only one has been collect ed 


Ondatra zibethica Linnaeus. Muskrat; Wo-josh \ few are found in Duck Lake and 


he river bays 
Rattus norvegicus Berkenhout. Norway rat.—Found around Homestead and the Coast 
Guard Station. One was taken in the woods nearly a mile north of Homestead in Augus 
1949 

Zapus hudsonius hudsonius Zimmermann. Meadow jumping mouse; Qua-quash-go- 
dwa-w wa-go-no-chi Apparently not common. Two have been taken, one in an alder 
swamp, and one in tall grass around the beaver dam 

Napaeozapus insignis frutectanus Jackson. Woodland jumping mouse.—Three have been 
collected, all in cool, damp situations 

Erethizon dorsatum Linnaeus. Porcupine; Gog.—A few are present, According to Mrs 


Osborn, there were originally no porcupines on the island; however, Governor Osborn, 
about fifteen or twenty years ago, imported from Canada a gravid female which escaped 
after two days in captivity on Duck “Island 


Lepus americanus Erxleben. Snowshoe hare Wa-a-bos Fairly common in 1949. Their 
tracks have been seen in the snow almost everywhere on the P reserve 


Odocoileus virginianus Boddaert. White-tailed deer; Mo-wash-gish.—Very common. 
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John Andrews stated that no deer were known on the island until about 50 years ago 
time coincides with the main cutting and burning on the island 


Alces americana Clinton. Moose; Moose.—There is usually at least t] 


east one moos I ne 
Preserve all the time. A bull and two cows were seen in 1943, one bull in 1948, in November 


f 1949 a cow and calf were seen at Homestead Store, and a bull and cow were seen by An- 





lrews in September of 1950. Andrews said he had seen two in one morning swim er , 
° . . . ° P . ° ais 
fteen minutes from the Canadian mainland and come ashore just below th niversity : 
4 Tor 
] } 
odge 
g (a 
Discussion.—Perhaps the most interesting feature of the Osborn Preserve is its strategic ; 
“ ' : “ae - Mi 
ocation between the Upper Peninsula—Wisconsin region and the Algoma region of ¢ da ; 
ie . a . 2 is 
lhe local mammals may be divided into two groups—those whose ranges encompass the 
Great Lakes and those whose ranges stop in this region. It is this second group that er ; 
. . tn 
counters the Soo r l l 





gion and the St. Marys River as a potential barrier, either to eastward 




















or westward expansion. Of all the mammals now found on Michigan’s Upper Peninsula only be 
ive (Urocyon cinereoargenteus, Glaucomys volans, Citellus tridecemlineatus, and Sylvilag M 
floridan do not range eastward to the river. There are two which are apparently stop] in 
eastward at the river—Sorez arcticus and Tazidea tacus. Snyder rans. Royal Canad. Inst 
24 :99-165, 1942) has found Parascalops brewe Sorex fumeus, and Microtus chrotorrhir = 
it their most weste limits just across the St. Marys River in Canada. There are several ma 
striking additions to and omissions from the expected nmal fauna of the Preserve. N M 
Procyon lotor, Tamias striatus, Eutamias minimus, or Lynx rufus have been recorded fron ” 
the Preserve yet they are found on the adjacent mainland. These omissions agree wv those . 
found for Drummond Island by Manville (Jour. Mamm. 31: 358-359, 1950). Andrew ports 0 
that Martes americana and M pennanti as well as Canis lupus are rare visitants in tl nter . 


early spring. Thus it appears that the St. Marys River with its islands acts a hiter ' 





bridge between southwestern, northwestern, and eastern or Appalachian faunal elements rf 
WiiuiaM O. Pruitt, Jr., Museum of Zoology, University of Michig inn Arbor, M | 
Rece ed February 12. 1981 
‘ 
is 
REVIEWS 7 
Ognev, S.I 3nepn CCCP u Ipunemamux Crpan (3nepu B ti Esponsi a ¢ pHofti | 
Asnu) [THe MamMats or Russia (USSR) anp ADJACENT ( NTRIES (THE May oO { 
EASTERN EUROPE AND NORTHERN ASIA Moscow-Leningr Pul Acad. Sx USSR . 
vol. V, pp. 812, figs. 340, plates 13 + XIII, maps XIII, tables 62. 1947. vol. VI, pp. 588 
figs. 260, plates XI, maps XII, tables VII, 1948. vol. VII, pp. 736, figs. 347, plat X\, maps 
XV. 1950. [In Russian ‘ 
In spite of the magnitude of the barriers to the flow of knowledge betw 
vill always be of the utmost importance for the scientists of any country t re of | 
the recent findings of their colleagues of other nationalities. This should be vious and | 
certainly is as true for mammalogy as for the other natu nees. It is reaso 
that the excellent volumes by Professor S. I. Ognev on the mammals of Russia sl f 
made more widely known 
This monumental work is entirely objective ind authoritative impart g £ 
together all of the information on Russian mammals regardless of the natior t the 
1uthors or the publications concerned. Much of the work of Russian mammalogists whicl 


has been poorly known in this country is here assimilated and sumr 
portion of the material in these volumes which is original i so very considet 
The first two volumes of this series were titled THe Mammats or Eastern Europ? 


ND NORTHERN As1A. The subsequent volumes were titled T M LS OF Russia SSR 
AND ADJACENT COUNTRIES, with the subtitle ‘“‘THoe Mammal F EASTERN EUROPE AND 


N 





RTHERN AstA.’’ The earlier volumes of the series are: vol. I, 1928, Insectivora and Chir 


«Oo, 4 
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optera; vol. II, 1931, Carnivora (Ursidae, Canidae. Hy 


1935, Carnivora (Mustelidae, Felidae, Odobenidae, Otariidae, Phocidae): and vol. IV 


1enidae, Mustelidae); vol. III, 


, 





1940, Rodentia (Lagomyidae, Leporidae, Pteromyidae, Sciuridae). The contents of the 
three more recently appearing volumes will be reviewed here in more detail 


ra 


In Volume V the subfamily Marmotinae is continued from volume IV and the gener 


Citel nd Marmota and their representatives are discussed In the same volume considered 
also are the families Castoridae, Myoxidae, and Spalaci lae, along with their representative 
T lin volume VI is the entire family Dipodidae ind part of the family Muridae 


I is, Dicrostonyx, Myopus, Ondatra, and Prometheomys, all in the subfamily 





Che remaining genera of the Microtinae are overed in volume VII. which 
t rely to them 
xonomic groups used by Ogn re of interest and frequently differ fron 
thos by Ellerman (1940, 41, 49 1d Sin psor 1945 For pale arctic Citell 
Obol 27) use of the three subgene Colobotis, Citellus, and Urocitellus, is fol 
we iss members of the family Myoxidae are divided into two subfamilies, the 


Myoxi1 gene! Glis, Eliomys, Dyron Wuscard , and Myomimus) and the Seleveni 


inae (genus 4 lhe genera Spalaz and Myospalaz are united in the family Spalacidae, 
each being in a separate subfamily. Spalaz is divided into two subgenera, Spalazr and Mi 

he M re divided into four supergeneric groups, The first of these, Lemm 
is equ ent to the group or tribe, Lemmi or Lemmini, of most authors. The Microti or 
Mic ent authors is divided by Ognev into the three other supergeneric groups 








oF 3. Dolo ] theo ‘ vist Mimo Pliomys, Microton 
ind | - is | , In the genus VM I neluded nine subgens Ped 
Ven V V t Ste P} . Blanfordir and Chionor 
In the ¢ 1 la are placed the subgen: Alticola, Aschizon ind Plat l 
I q tions palearctic nd nearect mr ls a elosel lependent Ipor 
. I » the faunal simil ty across the Bering St t region. | is regard 
g efl I + some of he p le et nomic cons le 1 
‘ Or North Americ r ea) \ Qs = ll as of H 
ner, 1! rgyropulo, 1939, 92) have fou anal 
group to | nspecific. The } ¥ 
ibspecies 1 the twe spec ( .f 
Hept Argyropulo’s works, the name C. » 
e g t inte | ‘ f 4 ’ Br . Q 
name lula ’allas (1778) has bee verlo« ’ 
st ¢ spec s nal ‘ the rou] Ar nterect = 
Ma hatica and M. caligata is found olums ' 
ship between Castor fibe ind Castor canader s cons 
comparison of specimens of Lemmus obensis chyrsogaster and L. alascensis, Ognev believes 
u these rms have the same species relationship (V1:470). He furth rmore emphasizes 
the need for the future comparison of alascensis with the subspecies chrysogaste , flavescer 
ind paulus. The need for a complete revision of the palearctic and nearctic collared lem 
mings tonyz) is also stressed (VI:508). In long and detailed discussion, Ognev 


demonstrates that the name Microtus ratticeps Keyser|l. et Blasius (1841) more accurately 


pplies to the group previously known as Microtus oeconomus Pallas (1778). since Pallas’ 


earlier descriptions are vague and were probably based upon a mixture of specimens 

lifferent species (VII:281-282). If the North American members of the operarius croup 
re sidered as being conspecific with the members of the former oeconomus group (Zim 
erman! 942: Rausch, 1950), then these should now be tre ited as forms of Microt 
The gre wealth of material presented in these volumes on the Russian rodents is 


detailed and concerns most phases of their biolo 


y 


; nl 
iS Ol 


possible to briefly mention 








474 JOURNAL OF MAMMALOGY Vol. 32, No. 4 
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a few of the types of information provided. For all of the taxonomic units, references are 
cited for the earlier descriptions and names. Present also are keys based upon a number of 
anatomical differences useful for distinguishing the various groups, from subfamilies down 
to species. For each genus there is a description of the characteristic features and brief 
summary of the worldwide distribution. For the species there are preliminary paragraphs 
devoted to listings of: the colloquial names of other nationalities, the Russian regional 
names, and the published articles with illustrations of the species. In this last case, com- 
plete information is given on the publications and on the nature of the illustrations. The 
number of these publications mentioned for each species varies from a couple to over fifty. 





The further and more elaborate paragraphs on each species have such headings as: dis 





sis, additional description, geographical distribution, general characteristics and habits 
habitat, burrow and nest, reproduction, molt, enemies, parasites, harm and benefi 
others. 





The format of the recent volumes is generally the same as that of the earlier ones, but 
there have been some qualitative improvements. The clearness of the illustrations has 
been improved and the emphasis has been placed on an abundance of distinct, we!!-repro- 
duced drawings of morphological features. Most of the drawings are the author’s, but there 
are many from other sources too. The colored plates were done by V. A. Vatagin, N. N 
Kondakov, and A. N. Formozov, and are instructive as well as attractive. However, their 
reproduction is not as good in the earlier volumes as in the last two. The range maps are 
detailed and well executed, in most instances providing the individual locality records for 
the species concerned rather than just the inferred limits of the ranges. The back and covers 
are more robust and more handsomely composed than those of the earlier volumes 

In the preface of volume VI Professor Ognev states that the entire monograph on the 
mammals of Russia will comprise twelve volumes and that the ninth volume (Cetaceans 
will be done by A. G. Tomilin and the tenth (Ungulates—sheep and goats) by V. I. Tsalkin 
This series should surely provide a magnificent basis and inspiration for further study of 
the paleartic mammals. It is earnestly hoped that the forthcoming volumes will maintain 
the objectivity and high standards which characterize those published so far.—W. I QUAY 
Museum of Zoology, Univ. of Michigan, Ann Arbor 


Booth, Ernest S. How ro Know THE Mammuats. William C. Brown Company, Dubuque: 
Iowa. Pp. 206, 415 figs. 1949. Price, Spiral bound, $2.00; Cloth, $3.00 

The appearance of a manual for the identification of the mammals of North America, 
especially one designed for the use of non-professionals, would naturally be hailed by) 
teachers of mammalogy. With a copy of Booth’s book in hand one can almost be convinced 
that this is the answer to a prayer for a laboratory and field manual for North American 
mamma! identification. 

In one’s initial enthusiasm one can be reconciled to the brief treatments of adaptation, 
biological phenomena, and economic importance for the reason that these considerations 
are beyond the intended scope of the manual and are adequately dealt with in other books 
One reads with interest and approval the section on the preparation of study skins and 
muses upon the contributions to our knowledge which could be made by a fair-s 


sd body 





of amateur collectors and preparators distributed over the continent, even if they never 
identified a specimen or wrote a research paper. 

One comes then to the keys and, while reading them with an eye to their usefulness in 
teaching a college class, one is rudely shocked on page 40 to find elephants and hippopota- 
muses included in Perissodactyla, and Primates spelled ‘“‘Primata.’’ But, one says, these 
are perhaps minor errors when considered in the light of the book’s potential usefulness 
and can easily be corrected to one’s class. The discussion may even reinforce the facts in 
the students’ minds. That they are not lapsus calami is verified on page 192 where the errors 
are repeated. 

Paging rapidly through the book one may deplore the use, on page 162, of the term ‘‘cat”’ 
applied to the Ring-tail and regret that authors do not use Ring-tail or Bassarisk to avoid 
the implications of the word “‘cat.’’ Particularly does one regret that we have here a con 
tribution to the perpetuation of the doubly-misleading ‘‘civet cat.’’ 
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Directing attention to the distribution maps one fir is that they are not accurate for 


the state of Colorado, and do not indicate that certain mammals which are common ir 


Colorado are to be found there at all. But, after all, Colorado students will have access to 
Warren’s book and can, if they wish, pencil in corrections in their copy of Booth. There 
remains, however, a nagging doubt whether the maps may be equally erroneous for other 
areas, but one does not take the time to check, and besides, the maps do show in a general 
way the distributions of the North American species and if one desires detailed range in- 
formation he will not depend upon a map of this scale anyway! 

One has just about concluded that the manual may be useful for one’s purpose when he 
comes upon the statement, on page 170, that the Black-footed Ferret is an imported animal! 

This is the kind of error which is difficult to excuse to a class of adults. My experience 
with college students suggests that when such an outright error is pointed out to them (as 
it must be at the earliest opportunity) the recollection of the author’s fallibility will remain 
with them for a long time 





Perhaps this is a good thing and will help to develop in them a healthy sceptical attitude 
toward all scient writing, but in a manual for teaching purposes one must necessarily 





sient ( 
place a considerable confidence in the author. There is some question whether the pedagogi- 
cal value of the manual may not be decreased by the psychological insecurity engendered 


these obvious errors, on the presumption that if there are errors in such ele 





mentar\ 





hel 
r errors in the more subtie 





matters as those we have mentioned, must there not be sim 


and less obvious portions?—Hvueo G. Ropeck, Unit ty of Colorado Museum, Boulder 
Colorado 


McCabe, Thomas T., and Barbara D. Blanchard. Turee Species or PERoMY s. Santa 














Barbara: Rood Associates, Publishers. v + 136, figs. 32. 1950. Price $2.00. (Obtainable from 
he junior author, Santa Barbara College, University of California, Santa Barbara, Cal 
orni 
Fo its antiquity, natural history remains a remarkably loose rganized science 
For centuries it consisted largely of scattered observations and anecdotes. Even today 
university and college courses in the subject are too frequer ( pose issorted 
nd bel ( nd place premium upon the 
I than upor horough understanding and ap 
I re pted for survival complex « rol 
I ng signs that this field of inquiry is uring 
( s one of the more significant branches of 
} natu tines enriched b particula: 
mal study in which keenness of insicht 
( é reall penetrating ar lvsis. A ce 
ent example of this sort of contribution is found in the paper under review. Prepared for 
publication after the death of the senior author, this comparative ecological investigation 
f three species of the well-known genus Peromyscus was designed to throw light upon 
such basic problems as the relationship of habitat distribution to population density and 
the mechanics involved in the regulatior nimal numbers. This exceedingly difficult 
task has been accomplished with notable success. The extensive experience of both authors 
th these small mammals in the field and in the boratory, and their exceptional feeling 
the manifold complexities of the peromyscan world, have enabled them to achievs 
inusually vivid description of the manner in which deer mice are adjusted to their sur 
undings 
This study is based primarily upon an intensive live-trapping investigation, from 1942 
1945 inclusive, of natural aggregations of P. maniculatus, P. truei, and P. califorr 
und in close association along the interfaces of chaparral and adjoining communities near 
Ss alifornia. Much valuable information was also secured from breeding 
( 1 in outdoor cages and from wild-caught specimens sacrificed for histo 
git The material obtained from these sources has been presented under 
e! llows: General Environment; The Peromyscus Habitat; Habit and 





Cycle; Comparative Post-Natal Development; Growth; The Molts; 
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Temperament; The Rudiments of Territorial Behavior; Population, Longevity and Repré 
ductive Cycle. Though at first sight these subjects may appear somewhat heterogeneous, 
each is treated as a facet of one compound problem, namely that of the interaction betweer 
animal and environment, which forms a strong thread of continuity running throughout the 
entire work. 

Despite the intimacy of association between these three species of Peromyscus, each is 
shown to be unique in many respects. Maniculatus, the smallest of the three, is described as 
temperamentally passive, not easily disturbed nor generally pugnacious, possessed of 
comparatively high reproduction potential and apparently endowed with a wide environ- 
mental tolerance, though preferring a ground surface well supplied with natural holes and 
crevices and little inclined to use arboreal pathways. In contrast is the large californici 
at birth developmentally much in advance of the other two species, highly specialized with 
respect to shelter requirements by virtue of its habit of building intricate nest-houses, 
relatively lacking in pugnacity and resourcefulness (perhaps because of its singular mode 
of life), having a low reproductive capacity and a comparatively long life span, and living 
in perceptibly smaller aggregations. 7’ruei completes the triangle, for it is intermediate in 
size, highly active, audacious and brilliant in defense, a frequent climber and jumper, not 
given to elaborate nest construction yet rarely taking refuge in earth holes. The similarities 
and differences among these mice have been pictured with considerable skill and ingenuit) 
and offer a convincing explanation for the co-existence of three species of one genus in the 
same community 

Ecologically inclined mammalogists will be especially drawn by the authors’ interpreta 
tion of the natural control of deer mouse populations. In a competently handled treatment 
of the application of Huxley’s heterogonic equation and of Robertson’s autocatalytic hy- 
pothesis to data secured from Peromyscus, McCabe and Blanchard find the analogy that has 
often been drawn between cellular growth and that of populations of organisms an exceed- 
ingly questionable one so far as the higher vertebrates are concerned. In the mouse popula 
tions under study, none of the usual alleged factors of control, such as transmissible disease, 
predation, or exhaustion of food supply, seemed to be a uniformly effective regulatory 
mechanism. (One of the many interesting sidelights of this work was the spectacular de 
struction of a local population of mice by a series of weasel raids, suggesting that predatior 
pressure may not always be a more or less constant factor but may sometimes descend with 
sudden and catastrophic force.) Rather, the underlying limiting factor seemed to be the 
striking discontinuity of the peromyscan habitat. The authors suggest, as a “‘law of environ- 
mental specificity,’’ that limitation of numbers is often effected in higher animals by ex- 
traordinarily precise requirements for specific factors in their surroundings, which in the 
case of Peromyscus far exceed ‘‘the human observer’s power of detection.” In these mice 
the law appears to operate through a mild territorial intolerance on the part of established 
individuals and through the eventual elimination by exhaustion and death of those which 
fail to achieve more than transient status. However intellectually dissatisfying such a re 
course to a subtle and seemingly unverifiable process may prove to be, the concept is a 
challenging one and in many ways more realistic than other more commonly accepted ex- 
planations. A similar approach is evident in Dymond’s recent hypothesis (Trans. Royal 
Soc. Canada 41 (5): 1-34, 1947) that the homogeneous nature of the boreal environment is 
conducive to the production of cyclical fluctuations in populations of northern birds and 
mammals. 

In view of the merits of this study, the few minor imperfections that were noted seem 
picayune indeed. There are occasional misspelled words, typographical errors, and incon 
sistencies in the use of symbols. The maximum movement observed in the live-trapping is 
recorded on p. 100 as 1300 yards, but seems to have increased to 1400 by p. 135. The exact lo 
cations of the study areas might well have been given, and more information about numbers 


of traps used in the various habitats would help the reader to evaluate the results obtained 
from trapping, for on this data rests the validity of the main argument. Some may cavil 
at the poetic license which crops up from time to time, now in the alteration of a scientific 
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name, now in a slightly over-extreme statement. But these are trifl 





; 8s, completely lost in 
the overall impression of a brilliant style. ‘“‘Three Species of Peromyscus” is a demonstra- 
tion of natural history reporting at its very best —Francis C. Evans. University of Michi- 
gan, Ann Arbor. 


Tanaka, Ryé. A ComparRATIVE Stupy ON Formosan Common Rats AND MicE oF Four 
SPECIES BELONGING TO THE GENERA Rattus, Apodemus AND Mus From THE STANDPOINT OF 
VARIATION-STatTistics. 1951. Microfilm copies available for $1.00 each postpaid from Lee 
R. Dice, Institute of Human Biology, 1135 E. Catherine Street, Ann Arbor, Michigan 

As the author states at the outset, ‘“This paper is the English version with some revision 
of an article published in the Memoirs of the Faculty of Science, Taihoku Imperial Univer- 
sity, Series II, Vol. I, No. 2, pp. 65-118, July, 1944.”’ In addition, it is a summary of several 
of the author’s previous papers dealing with the same species. The English is frequently not 


idiomatic, but only in a few instances did the reviewer encounter passages which were diffi- 
cult to understand. The figures are inferior to those in the Japanese edition. There may 
be difficulty in interpreting some of them. 

The species considered, mostly from northern Formosa, are: Rattus losea (Swinhoe 
.podemus agrarius (Pallas), Mus formosanus Kuroda, and MM. musculus L. Tanaka considers 
that the first two names have been allocated satisfactorily, but states that the latter two 





names have been adopted for sake of convenience, since the nomenclatorial status of the 
genus Mus is not clear. Presented in order are comparisons between these four species and 
discussion of variation in pelage characters, external measurements, skull measurements, 
and molar attributes, followed by a section on systematic considerations. The original 
measurements for the two species of Mus are given in detail in one of the earlier papers (in 
English), based on about 100 skins with external measurements and about 60 skulls with 


measurements for each species. Another paper does the same for Apodemus with the data 
presented by means of reasonably small size classes. In a Japanese publication with tables 
and summary in German there is a small amount of data on Rattus. Apparently there are 
many additional data in the present paper on the last genus that have not been published 
elsewhere. 

Three different types of hairs are described and age and seasonal variation in them are 
studied. The coloration was measured with a modified Ives tint-photometer after the manner 
described by Sumner. The external measurements have been analyzed by means of linear 


regressions of tail, ear, and foot on body length, using logarithms of the measurements for 


both axes. Here Tanaka finds that Rattus requires no less than three line segments to fit 
the data and that the others require two segments each. Where such breaks occur in the 


} 


lata, there are approximate methods avail: 





ble to locate them, but there is no unique solu- 
tion for such problems. This method of fitting separate straight lines to one group of data 
has been frequently criticized. The reviewer thinks that it would have been better either 
to make use of curvilinear regression, or else seek some transformation that would make the 
data amenable to linear regression theory. In some of Tanaka’s graphs the angle at the break 
is indeed very nearly straight. Where the data are actually curvilinear, the greater the 
range of the independent variate (body length or skull length) the greater the number of 
separate lines that would be required to give a reasonable fit. It is of interest to note that 
Rattus, by far the largest form here treated, requires more line segments than do the others 
in order to give a reasonable fit. 

One other point of criticism should be mentioned. When one measurement is essentially 
the sum of two others, such as total skull length being cranial length plus facial length, it is 
customary to plot facial against cranial length, or vice versa, rather than either of them 
against total length. Tanaka attempts to show that this is not necessary, and that it is 
legitimate to plot a part against the whole. His proof is not convincing. In fact, if there were 
a perfect correlation between the parts, then it would not matter how the data were plotted. 
If the correlation between the parts were zero, then the correlation between the whole and 


one of its parts would be expected to be 0.71 on the average. Thus the 





ability of any 





4 
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regression of a part on its whole is related to the correlation between the parts. In these 
data we may suspect that on the whole the correlations between parts are reasonably high, 
and so the results are not appreciably vitiated. In addition, most of the measurements are 
compared against some base of which they are not a part. This matter, however, is one which 
future workers should take into account. 

Aside from these seeming flaws, the treatment is admirable. Of interest to systematists 
are Tanaka’s conclusions that comparable regressions of different forms showing similar 
slopes and positions are indicative of little or no genetic differences between the forms, ex- 
cept perhaps those which affect total size. Those regressions which differ in some manner 
may be presumed to represent genetic differentiation which has led to morphological dis- 
tinctness. The agreement of these conclusions with the commonly accepted notions of rela 
tionships is generally good. Thus Rattus is shown to be more closely related to Mus than to 
A pode mus 

The general aspect of this paper is highly satisfactory. It represents an approach which 
the reviewer feels could be utilized to a greater extent than at present in systematics. An 
old axiom of statistical treatment is that the amount of work required to extract the most 
from the data available is small in relation to the enormous labor involved in collecting and 
in measuring the specimens. Anyone who spends arduous hours in the field to assemble 
material should get the greatest results possible from his labors. The methods used by 
Tanaka represent a step forward that should be investigated by all those interested in 
svstematics and phylogeny WiiuraM B. McIntosu, Institute of Human Biology 


Bourliére, F. Vie er Moveurs pEs Mammirerges. Payot, Paris, 249 pp. 8 pl., 69 figs. 195! 
Price 900 fr. = @ $2.50 at current exchange 

In a substantial report on the habits of world mammals, Dr. Bourliére has made a sig- 
nificant contribution. While little is new, the compendium of facts have been well arranged 
and presented. The volume is divided into ten chapters, treating of locomotion, food, shel 
ter and territory, defense and protection, sexual life and reproduction, development and 
longevity, migration, social life, distribution and the anatomy and physiology of wil 
mammals 


Each chapter is well documented, with relevant literature, indicating a serious attempt 
to cover the pertinent literature in the wide field which is treated. Dr. Bourliére draws 
freely on the literature of American mammalogy, referring constantly to the pages of the 
Journal of Mammalogy. He is certainly apprised of the fine work in his own country and 
credits repeatedly the studies of English, Germans, and South Americans 

The figures are not alone illustrations; each contributes materially to the text. For the 
biologist who has only a meager knowledge of French, the illustrations alone will serve to 
improve his knowledge of mammals. All of these are designed to introduce certain aspects 
of mammalian life that can be understood without reference to the text. 

Minor faults are apparent in any great effort. As an example, the gestation of sever: 


genera (some of which are not actually known) are faulty. Among these one might cite 
} g 


Sorex, Talpa, Gulo, etc. The matter of communication (Chapter 8) is little understood, yet 
Bourliére presumably accepts many statements made by those who do not know nor under 
stand wild animals. On these matters, do any of us? The cover depicts a skunk, although : 
cosmopolite or even the little ‘“‘herisson’’ of France would seem more appropriate for the 
next printing. Fig. 53, showing a female Sorex araneus toting the young attached tail to tail, 
presumably was figured first by Wahlstrom, not Schréder and Schéenichen. It is an illustra- 
tion that many of us have debated. This unique technique is illustrative of the many inter 
esting and yet hardly known methods employed in reproductive behavior. 


Bourliére’s book ranks with Cabrera’s admirable ‘‘Manual de Mastozoologia.’”’ Auy se1t- 


ous student of mammals must have these two works on his shelf as a ready reference 
i 


W. J. Hamittron, Jr. Cornell Universit; 
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npREWs, C. W. The hazardous industry of North Atlantic sealing. Animal Kingdom 
New York, vol. 54, no. 3, pp. 66-76, 94, illus. May-June, 1951. 

ANONYMOUS Largest animal in the world. Illus. London News, vol. 218, no. 5831, pp. 102, 
103, illus. January 20, 1951. (Blue whale 

Anonymous. A baby albino koala in Sydney’s Zoo. Illus. London News, vol. 218, no 
5835, p. 259, illus. February 17, 1951 

Anonymous. ‘“‘Flippy,’’ the docile dolphin: a strange triumph of animal training. Illus 
London News, vol. 218, no. 5837, p. 341, illus. March 3, 1951 

Anonymous. Claimed to be the largest in captivity: a pair of orang-utans in Surabaya 
Java) Zoo. Illus. London News, vol. 218, no. 5841, p. 499, illus. March 31, 1951 

ANTHONY, J. Le pli félin chez le renard. Mammalia, Paris, vol. 14, no. 3, pp. 95-98, fig. 1 

September, 1950 

AnToNIvus, Orro. Beobachtungen an Einhufern in Schénbrunn. XIX. Ein ‘‘Wardzebra 
Zool. Garten, Leipzig, NF, vol. 17, nos. 1-5, pp. 204-210, illus. 1950 

Auspry, J. Deux piéges pour la capture de petits rongeurs vivants. Mammalia, Paris 

r, 1950 


vol. 14, no. 4 pp 174 177, illus Decembe 





BartLertT, I. H. Michigan deer. Game Div. Michigan Dept. Conserv., Lansing, pp. 50 
illus. June, 1950 
BartrLerr, I. H. Those Michigan bow hunters. Michigan Conserv., Lansing, vol. 19, no. 5, 


pp 15-17, 29-30, illus September, 1950 


BARTLE1 IH Deer season—1950. Michigan Conserv., Lansing, vol. 19, no. 6, pp. 3-6 
illus. November, 1950 
BERTRAM, G, (¢ ] Pribilof fur seals Arctic, Montreal vol. 3, no. 2 pp 75-85, illus 


August, 1950 
BremiLter, Cart L. Torpedo in fur. Holiday, Philadelphia, vol. 9, no. 1, pp. 13-14, 16 


illus. January, 1951 River otte 


BIGALKE, R., T. Stern, D. pE Vos, anp K. bE WAarb. Observations on a juvenile female 


square-lipped or white rhinoceros (Ceratotherium simum simum (Burch in the 
National Zoological Gardens of South Africa. Proc. Zool. Soc. London, vol. 120, 


pt. 3, pp. 519-528, pls. 2. November 30, 1950 


S;OARDMAN, W The hair 
VI. Evolution and genetics of tract pattern. Part VII. A system of nomenclature 


racts in marsupials. Part V. A contribution on causation. Part 





Proc. Linnean Soc. New South Wales, Sydney, vol. 85, pts. 5-6, pp. 254-278, 
1950 


BorGcer, Ropert. Order of genes in the fifth linkage group of the house mouse. Nature, 


illus. December 2 


London, vol. 166, no. 4225, p. 697. Oc tober 21, 1950 

BouRDELLE, E., anp M. Deziuibre. La valeur de la capacité cranienne dans ses rapports 
avec la systématique chez les mammiféres. Mammalia, Paris, vol. 14, no. 4, pp 
165-173. December, 1950 

BourDELLE, E., anv F. Petrrer. Note relative 4 un eléphant nain du Gabon. Mammalia 
Paris, vol. 14, no. 4, pp. 145-153, figs. 6, pl. 1. December, 1950 

BouRDELLE, E., AND 8S. FRECHKOI La classification des equidés actuels. Mammalia, 
Paris, vol. 14, no. 4, pp. 126-139. December, 1950 

Boyce, Antow P. Orchard damage. Michigan Conserv., Lansing, vol. 19, no. 6, pp. 9-10, 
26, illus. November, 1950. (Deer 

BRANDLY, P. J., anp Ropert Rauscw. A preliminary note on trichinosis investigations in 
Alaska. Arctic, Ottawa, vol. 3, no. 2, pp. 105-107. August, 1950. (In carnivores 
and white whale 

Brazpnor, C. W. The mammals of Victoria. National Museum of Victoria, Melbourne, 
pp. iv + 125, illus. 1950 
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3rEssou, C. Le pied des tapiridés. Mammalia, Paris, vol. 14, no. 4, pp. 140-144, figs. 5. 


December, 1950 
Bripces, Wiitut1aM. There’s still a chance for the wisent. Animal Kingdom, New York, 


vol. 54, no. 3, pp. 77-79, illus. May-June, 1951. 


DKER, P. Sur un rorqual du Rudolphi, ou “‘sei-whale’’ (Balaenoptera borealis, Lesson 
capturé au Cap Lopez (Gabon). Mammalia, Paris, vol. 14, no. 4, pp. 154-158, 
fig. 1, pl. 1. December, 1950 

Bunpy, Roy E.tton A search for some effects of the “‘short-ear”’ gene on behavior in 

mice. Amer. Nat., Lancaster, vol. 84, no. 818, pp. 393-399. September-October 


1950 


Burton, MAvuRICct Mole populations, and deep nesting. Illus. London News, vol. 217, no 
5821, pp. 785-787, illus. November 11, 1950. 

BurToN, MAvurRIct Rats: public enemy no. 1. Illus. London News, vol. 217, no. 5826 p 
1006, illus. December 16, 1950 

BurTON, MAuRICc! Hyrax: a natural oddity. Illus. London News, vol. 218, no. 5830, p. 58 


illus. January 13, 1951 





BurToN, MavuRIc! Animals in decline: 1 1¢ musk-ox. Illus. London News, v« 18, 
no. 5831, p. 108, illus. January 20, 1951 

Burton, Maurice. Animals in decline: 2. Walruses. I]lus. London News, vol. 218 
5832, p. 148, illus. January 27, 1951. 

3URTON, Maurice. Animals in decline: 3. Steller’s sea-cow. Illus. London News, vol. 218, 
no. 5833, p. 178, illus. February 3, 1951. 

BurtToN, MAURICE Animals in decline: 4, Beavers. Illus. London News, vol. 218, 


5834, p. 220, illus. February 10, 1951 
Burton, Maurice. The common and the golden hamster. Illus. London News, vol. 218, 
no. 5837, p. 340, illus. March 3, 1951. 
Burton, Maurice. The edible dormouse: undesirable alien? Illus. London News 
218, no. 5838, p. 376, illus. March 10, 1951. 
RTON, Maurice. Moles: an ancient belief discussed. Illus. London News, vol. 218 
5839, p. 428, illus. March 17, 1951 
URTON, Maurice. The naked mole rat of East Africa. Illus. London News, vol. 218 
5840, p. 464, illus. March 24, 1951. 
RTON, R. W. Death cry of tiger. Jour. Bombay Nat. Hist. Soc., vol. 49, no. 3, p. 538 
December, 1950 
RTON, R. W. Rabies in tiger—two proved instances. Jour. Bombay Nat. Hist. So« 


I 


= 


vol. 49, no. 3, pp. 588-541. December, 1950 


Burton, R. W. The ‘dew-claws’ of the hunting leopard or cheetah |Acinonyx jubatus 


Schreber)]. Jour. Bombay Nat. Hist. Soc., vol. 49, no. 3, pp. 541-543. December, 


1950 

CarNneR, GeorGE W. The reproductive cycle of the rhesus monkey. Amer. Scientist 
Easton, vol. 39, no. 1, pp. 50-73, illus. January, 1951 

Carr, Virainia C., AnD THomas Epwarp Hennessy. Cytological study of male reproduc 





tive cells of the golden hamster (Cricetus auratus Waterhouse). Turtox News, 


Chicago, vol. 28, no. 11, pp. 206-211, illus. November, 1950 

Caspary, Hans. Einige Bilder vom Antwerpener Okapi, Okapia johnstoni Sclater. Zool 
Garten, Leipzig, NF, vol. 16, no. 5, pp. 180-182, illus. 1950. 

Cuur, CHanpra. A doe cheetal with horns. Jour. Bombay Nat. Hist. Soc., vol. 49, no. 3 
p. 547. December, 1950. 

Cooxe, H. B.8. A critical revision of the Quaternary Perissodactyla of southern Africa 
Ann. South Africa Mus., Cape Town, vol. 31, no. 4, pp. 393-479. December 
1950. (New: Equus broomi 





Cozens, A. B. The ranges of the dwarf and royal antelopes. Nigerian Field, vol. 16, no. 1, 


pp. 14-19. January, 1951. 
CralIciIeE, E.Horne. A laboratory guide to the anatomy of the rabbit. Univ. Toronto Press, 
pp. vii + 113, illus. 1951. 
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‘RANDALL, LEE 8. We are attempting to breed the plat; s. Animal Kingdom, New 
York, vol. 54, no. 3, pp. 89-91, illus. May-June, 1951 
‘rESPO, JornGE A. Nota sobre mamiferos de Misiones nuevos para Argentina. Comunica 


ciones Inst. Nac Investigacion Cienc. Nat., Mus. Argentino Cienc. Nat. ‘‘Ber 

nardino Rivadavia,’’ Buenos Aires, Cienc. Zool., vol. 1, no. 14, pp. 14, figs 

1950 
Dataquest, WALTER W., W. Gene Frum, anv E. Raymonp HA. \ northern record for 









Centronycte arimiliani centralis with a key to the skulls of the North Amer 
ican emballonurine bats. Anales Inst. Biol., Mexico, vol. 21, no. 2, pp. 431 
March 6, 1951 

DECHASI x, CoLETT! Quelques précisions sur le ger homys Lart« Soc. Géol 
France, Macon, vol. 20, nos. 1-2, pp. 3-8. Oct 

YI rR, R. Etude systématique de l’os pénien des mar t Ma , Paris 
vol. 14, no. 3, pp. 78-94, pl. 1, figs. 14. September Pro rsid 

Dory, R. I Warfarin (Compound 42), a promising sie is. H 
waiian Planters’ Record, 1951, first issue, pp. 1-2 us. 1951 

OWNING, Stuart ¢ The Rocky Mountain bighorn. Canadian Nature, 1 ynto, vol. 12 
no. 4, p. 140, illus. September-October, 1950 

Dow S.C. Mammals of an eastern farmer’s field. Canadian Nature, 1 I 1.13 
no. 2, pp. 67-69. March-April, 1951 

R. I Recent researches on whales. New Biology, Penguin Boo London, no. 9 


113-118. October. 1950 


) 3, no. 5. p 52-157, illu septem De U er, 1950 
O Ge z iftsbeobachtungs Marderht V ycte é cyor 3 
Gi Z Crarte Leipzig, NI 17 ) 1-5 p. 226-234 is. 1950 
I N he skull of H é le Mesop Gr 
the Falkland Islands. Proc. | Soc. London, Session 162, 1949-50 
pp. 50-52 ls. 3-4. Octobe 1 50 
Joun E. Labrador winter notes, 1950. A Montreal, 1 2 2 
August, 1950. (Decline of seals and caribou, disease of dogs ar f 
Garpner, MarsHaut C. A list of Maryland mammals (Part II. Bats). Proc. Biol. So 








Washington, vol. 63, pp. 11 

( rn, Ropert. Mumifizierte Eichhérnchen in Nistkasten. Zool. Garten, Leipzig, NI 
vol. 16, no. 5, p. 204, illus. 1950 

( ‘-Hitt, C. A. The whales, porpoises and dolphins knowr 
Malayan Nature Jour., Kuala Lumpur, vol. 4, no. 2, pp. 44-61, illus. June, 1949 

G n-Hitt, C. A. Notes on the clouded leopard [Neofelis nebulosa (Griffith Jour 
Bombay Nat. Hist. Soc., vol. 49, no. 3, pp. 543-546. December, 1950 

{ MORE, RaymMonp M Fauna and ethnozoology of South America. Bu 
Bull. 143 (Handbook of South American Indians), Washington, 


ner. Ethnol 





6, pp. 345- 
164, pls. 36-47. December, 1950 

GitmoreE, RayMonp M. The whaling industry. Whales, dolphins, and porpoises. Jn Marine 
Products of Commerce, by Donald K. Tressler and James McW. Lemon, Rein 
hold Publ. Co., New York, ed. 2, pp. 680 715, illus. 1951 

GoETHE, FrrepricH. Vom Leben des Mauswiesels (Mustela n. nivalis L.). Zool. Garten, 
Leipzig, NF, vol. 17, nos. 1-5, pp. 193-204, illus. 1950 

GoLpMAN, Epwarp A. Raccoons of North and Middle America. North Amer. Fauna, U.S 
Fish and Wildlife Service, Washington, no. 60, pp. 153, pls. 22. November, 1950 

GLAZENER, W. (¢ Wildlife transplanting for 1948-49. Texas Game «& Fish, Austin, vol 
8, no. 7, pp. 18-19, illus. June, 1950 

Gosuin, Ropert M. Evidence of the occurrence of the rice rat in prehistoric Indian village 
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sites in Ohio. Bull. Ohio Indian Collectors Soc., Columbus, no. 26, pp. 19-22 
(mimeog.). January, 1951. 

Gruuicu, Ivo. Pfispévek k poznaéni variability vr4pence maléko Rhinolophus hipposideros 
Bechst. (Contribution to the knowledge of the variability of Rhinolophus hippo- 
sideros Bechst.) Pracé Moravskoslezské Akad. Piirodnich, Brno, vol. 21, no. 5, 
pp. 60. 1949. (English summary 

GuNnpDERSON, Harvey L. A study of some small mammai populations at Cedar Creek 
Forest, Anoka County, Minnesota. Occas. Papers Minnesota Mus. Nat. Hist 
Minneapolis, no. 4, pp. vii + 49, illus. 1950. 

HAGENBECK, LorENz. Elefanten im Zirkus und Zoo. Zool. Garten, Leipzig, NF, vol. 17 
nos. 1-5, pp. 60-66. 1950. 

Haun, Hans-Joacutm. Merkwiirdige Jagdart auf Giirteltiere. Zool. Garten, Leipzig, NF, 
vol. 16, no. 5, pp. 207-208. 1950 

HARDBERGER, F. Max. The nine-banded armadillo and the eastward expansion of its 
range. Turtox News, Chicago, vol. 28, no. 9, pp. 174-177, map. September, 1950 

Harrison, J. L. Some mammals of the trees. Malayan Nature Jour., Kuala Lumpur 
vol. 4, no. 2, pp. 66-69. June, 1949 

Harrison, J. L. Garden squirrels. Malayan Nature Jour., Kuala Lumpur, vol. 4, no. 2, 
pp. 96-97. June, 1949 

Harrison, J. I The occurrence of albino and melanic rats. Jour. Bombay Nat. Hist 
Soc., vol. 49, no. 3, pp. 548-549. December, 1950 

Harrison, R. J., anp L. Harrison Matruews. Sub-surface crypts in the cortex of the 
mammalian ovary. Proc. Zool. Soc. London, vol. 120, n 
February, 1951 

Harrisson, Tom. The large mammals of Borneo. Malayan Nature Jour., Kuala Lumpur 


». 4, pp. 699-712, pls. 2 


vol. 4, no. 2, pp. 70-76. June, 1949 

Hayes, Keitu J., AND CATHERINE Hayes. The intellectual development of a home-raised 
chimpanzee. Proc. Amer. Philos. Soc., Philadelphia, vol. 95, no. 2, pp. 105-109 
illus. April 30, 1951 

Hayne, Don W. Mouse populations in orchards and a new method of contr Quart 
Bull. Michigan Agric. Exp. Stat., East Lansing, vol. 33, no. 2, pp. 160-168, illus 
November, 1950 

Hepicer,H. Gefangenschaftsgeburt eines afrikanischen Springhasen, Pedetes caffer. Zoo 
Garten, Leipzig, NF, vol. 17, nos. 1-5, pp. 166-169, illus. 1950 

Heriot, JOAN I AND Sy1 .M Weston. Some anomalous blood vessels in th 

Proc. Zool. Soe “poe vol. 120, no <, pp 737-741, figs. 5 February 1Yol 


Herre, Wou! Zur Abstammung und Entwicklung der Haustiere. III. Die Haustierresté 





mittelalterlicher Siedlungen der Hamburger Altstadt. Zool. Garter ip 
NF, vol. 17, nos. 1-5, pp. 103-121, illus. 1950 

HiBBARD, CLaubDE W., AnD Jonn A. WiLson. A new rodent from subsurface stratum il 
Bee County, Texas. Jour. Paleontol., vol. 24. no. 5 pp. 621-6025 illus. = f 
1950. (New: Grangerin sellard 

Hisuop, J. A Some field notes on the bearded pig Mal N Jour Ku l 
vol. 4, no. 2, pp. 62-65. June, 1949 

HoocstraaL, Harry. Philippine Zoological Expedition 1946-1947. Narrative and itiner 
ary. Fieldiana, Zoology, Chicago, vol. 33, no. 1, pp. 1-86, pls. 1-7. April 18, 195 

Hooijer, D.A. Some notes on the Gigantopithecus question. Amer. Jour. Phys. Anthro 


n.s., vol. 7, no. 4, pp. 513-518. December, 1949 

Hooyer, Dirk A. The study of subspecific advance in the Quaternary. Evolutior 
caster, vol. 4. no. 4 pp 360-361. December, 1950 

Hoover, Dirk ALBERT Pygmy elephant and giant tortoise. Sci. Monthly, Lancaster 
vol. 72, no. 1, pp. 3-8, illus. January, 1951 

Hooper, WINIFRED M., Joun H. D. Hooper, anp Trevor R. Suaw. Some observations 
on the distribution and movements of cave-dwelling bats in Devonshire. Natural 


ist, Londor . no. 835 pp. 149-157, illus. October-December, 1950 
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Hornunea, Vixror. Lautidusserungen des Maulwurfs, Talpa europaea L. Zool. Garten, 
Leipzig, NF, vol. 16, no. 5, p. 208. 1950 

Howarp, WauTER E., anp Kennetu A. Wacnon. Guard those spuds. Western Livestock 
Jour., Los Angeles, vol. 29, no. 7, pp. 81-83, pl. 1. January 15, 1951. (Damage by 
rodents) 

Huey, Laurence M. The kangaroo rats (Dipodomys) of Baja California, Mexico. Trans. 
San Diego Soc. Nat. Hist., vol. 11, no. 10, pp. 205-256, illus. April 30, 1951. (New: 
Dipodomys merriami trinidadensis, D. m. quintinensis, D. m annulus, D. m 
brunensis, D. m. llanoensis, D. agilis plectilis, D. paralius, D. peninsularis pedion- 
omus, D p. eremoecus, D Pp australt 

[NcLes, Luoyp G. Pigmental variations in populations of pocket gophers. Evolution, 
Lancaster, vol. 4, no t, pp 353-357, fig. 1. December, 1950 

JONEs, | Woop The external characters of a foetal tarsier. Proc. Zool. Soc. London, 
vol. 120, no. 2, pp. 723-730, figs. 10. February, 1951 

Jorpes, J. Ertx. The insulin content of whale pancreas. Hvalrfdets Skrifter, Sci. Res 
Marine Biol. Res., Oslo, no. 35, pp. 15. 1950 

KaLeLA, Oxavi. Zur sikularen Rhythmik der areal Veranderungen Europiischer Vogel 
und Siéugetiere, mit besonderer Beriicksichtigung der Uberwinterungsverhalt 
nisse als Kausalfaktor. Ornis Fennica, Helsinki, vol. 27, no. 1, pp. 1-30, illus. 
1950 

t 


KAYSER, CH La léthargie hibernale des mammiféres et sa genése. Mammalia, Paris, vol 


14, no. 4, pp. 105-125, pl. 1. December, 1950 With bibliography 


Kevtson, Keira R. Speciation in rodents of the Colorado River drainage. Univ. Utah 
Biol. Ser., vol. 11, no. 3, pp. vii + 125. February 15, 1951 

KOWALSKI, Kazimierz. Badania nad ekologia drobnych ssakow lesnych w okolicy Kra- 
kowa Inv stigations on the forest « logy of forest small mammals in the neigh 
bourhood of Krakow Polska Akademia Umiegetnosci, Krakow, no. 22, pp 
1-26. 1950. (English summary 

KRIE Hans. Die Ziegen von Juan Fernandez. Zool. Garten, Leipzig, NF, vol. 17, nos 
1-5, pp. 27-30, illus. 1950 

K 1? WALTER G A symmetrodont toot! ym he Rhaeto-Lias. Nature, London, vol 
166, no. 4225, pp. 696-697, illus. October 2 950 

KUN MERLE | nD Ropert RauscH# An ecological study of helminths of some Wyo 
ming voles (Microtus spp.) with a description of a new species of Nematospiroides 
Helig os 1d ae Nematoda Zoologica, New York vol. 35 pt. 3 pp 181 
88, figs. 7, illus. November 27 IOU 

JOHN I Paleontologia y estratigrafia del Plioceno de Yepomera, Estado de Chi 

huahua. 1* Parte: Equidos, excepto Neohipparion. Bol. Inst. Geol., Univ. Nac 
Autonoma Mexico. no. 54, pp. vi + $1. nls. 5. 1950 New: Pliol ppus Astro 
hippu stockii, Pliohippus (Pliohipp mexicanus 





INDUSKA, J. P. Ecology and land-use relationships of small mammals on a Michigan 
farm. Michigan Dept. Conserv., Lansing, pp. ix + 144, illus. 1950 


scl Amer New York, vo 


I 


LYMAN, CHARLES 


183, no. 6, pp. 18-21, illus. December, 1950 
Ma OmMALD, J. R Additions to the Whitn«e in fauna of South Dakota. Jour. Paleontol 


Menasha, vol. 25, no. 3, pp. 257-265, illus. May, 1951. (New: Apternodus bicusp 





irchaeothe an Pelonazx) lemleyi 

MANVILLE, Ricnarp H. The wolverine in Michigan. Jack-Pine Warbler, Lansing, vol 
28, no. 4, pp. 127-129 December, 1950 

Marruews, L. Harrison. The male urogenital tract in Sienella frontalis (G. Cuvier 
Atlantide Report No. 1, Sci. Res. Danish Exped. to Coasts of Tropical West 
Africa 1945-1946, Copenhagen pp figs. 13. 1950 

Ma rHEWS, L HARRI ON \ large scottish tox Proc Zool por I yndaon, vol 120 pt 4. 


pp. 679-681. February, 1951 
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Matruey, Ropert. La formule chromosomique de Microtus orcadensis Millais. Rev. 
Suisse Zool., Geneva, vol. 58, no. 4, pp. 201-213. January, 1951. 

McLavuGuHuin, CHartes A., AND WILLIAM B. Rosertson. A new record of the rice rat, 
Oryzomys palustris palustris, from southern Illinois. Nat. Hist. Misc., Chicago 
Acad. Sci., no. 80, pp. 1-2. March 30, 1951. 

Meyer-HouzarreL, Monika. Beobachtungen tiber das Verhalten einer Gibbonfamilie im 
Ziricher Zoologischen Garten. Zool. Garten, Leipzig, NF, vol. 17, nos. 1-5, pp 
10-27, illus. 1950. 

Meyn, A. Zur Kenntniss der Affentuberkulose. Zool. Garten, Leipzig, NF, vol. 91-101 
1950. 

Mi.ier, Lowe S., anp WILLIAM B. Ropertson. Some additional records of harvest 
mice (Genus Reithrodontomys) in the Mississippi River Valley. Nat. Hist. Misc., 
Chicago Acad. Sci., no. 67, pp. 1-4. October 11, 1950. 

Mour, Erna. Kleine Zahnbeobachtungen im Zoologischen Garten. Zool. Garten, Leipzig, 
NF, vol. 17, nos. 1-5, pp. 84-87, illus. 1950. (African elephant and rhinoceros 
teeth 

Moures, F.P. Versuche iiber die Nahorientierung und das Heimfindvermogen der Fleder 
miuse. Verhand]. Deutschen Zool. Mainz, 1949, pp. 248-252. 1949 

Moures, F. P. Spallanzani und die Fledermiuse. Experientia, Basel, vol. 5, no. 2, pp 
90-96, 1949 

Moures, F. P. Zur Fundition der Nasenaufsitze bei Fledermiusen. Die Naturwissen 
schaften, Berlin, vol. 37, no. 22, pp. 526-527. 1950 

Monres, F.P. Zur Orientierung der Flederméuse. Natur und Volk, Frankfurt am-Main, 
vol. 80, nos. 5 6, pp 153-161. 1950 

MooJen, Jodo. Sobre ‘‘Callithrix aurita’’ (E. Geoffroy, 1812) (Callithricidae, Primates 
Rev. Brasileira Biol., Rio de Janeiro, vol. 10, no. 4, pp. 489-492. December, 1950 

Niort, P.-L. Une femelle en gestation de Suncus etruscus. Mammalia, Paris, vol. 14, no 
3, pp. 99 102 September, 1950. 

Oe.cKers, Fritz. Beitrige zur Kenntniss der Zwergantilopen. Zool. Garten, Leipzig, 
NF, vol. 17, nos. 1-5, pp. 141-152, illus. 1950 

PatomsBi, Arturo. Le arvicole. Rivista Fitosanitaria, Rome, vol. 1, no. 1, pp. 25-32 
illus. 1946 

PEDERSEN, TORBJGRN. Studies in whale oils. On the content of saturated fatty acids in 
whale oils with a note on the content of positional isomeric hexadecenoic and 
octadeconoic acids in partially hardened Antarctic whale oil. Hvalrddets Skrif 
ter, Sci. Res. Marine Biol. Res., Oslo, no. 34, pp. 64. 1950. 

Peters, JAMES A. Extinction: Its causes and results. Biologist, vol. 32, nos. 1-2, pp. 1-8 
August-November, 1949 

Pretrerson, RANDOLPH L., AND ViceNT Cricuton. The fur resources of Chapleau District, 
Ontario. Canadian Jour. Res., D, vol. 27, pp. 68-84, figs. 7. April, 1949. 

Petrer, F. La détermination expérimentale du sexe chez les mammiféres. Mammalia, 
Paris, vol. 14, no. 3, pp. 49-77. September, 1950 

Perzscu, Hans. Zur Frage des Vorkommens ungefieckter albinotischer Giraffen. Zool 
Garten, Leipzig, NF, vol. 17, nos. 1-5, pp. 44-47, illus. 1950 

PIVETEAN, JEAN. Images Ge mondes disparus. Un épisode de l’histoire des mammiféres 
dans le Bassin de Paris. La Nature, Paris, no. 3191, pp. 72-76. March, 1951. 

PuytTHian-Adams, E.G. Jungle memories, Pt. VII. Wild goats and sheep. Jour. Bombay 
Nat. Hist. Soc., vol. 49, no. 3, pp. 418-426. December, 1950 

Pitt, A. L. Jug Holes Cave and its bats. Naturalist, London, no. 836, pp. 7. January 
March, 1951 

PrELL, Hernricn. Das Grunzrind (Bos grunniens L.) im Schrifttum der Griechen und 
Rémer. Zool. Garten, Leipzig, NF, vol. 17, nos. 1-5, pp. 129-138. 1950. 

Prey, Ursuta. Beobachtungen an den Orangs des Zirkus Krone (Miinchen). Zool. Garten, 
NF, Leipzig, vol. 17, nos. 1-5, pp. 52-60, illus. 1950. 
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tauscH, Ropert. Observations on a cyclic decline of lemmings (Lemmus) on the Arctic 
coast of Alaska during the spring of 1949. Arctic, Jour. Arctic Inst. North Amer., 
Ottawa, vol. 3, no. 3, pp. 166-177, illus. December, 1950. 

REINHART, Roy H. A new genus of sea cow from the Miocene of Colombia. Univ. Califor- 
nia Publ., Bull. Dept. Geol. Sci., vol. 28, no. 9, pp. 203-214, figs. 2. February 16, 
1951. (New: Potamosiren, P. magdalenensis. 

tenscH, B. Beobachtungen an einem Fenek, Megalotis zerda Zimm. Zool. Garten, Leipzig, 
NF, vol. 17, nos. 1-5, pp. 30-40, illus. 1950 

Ricumonp, Netz D., anp Harry R. Rostanp. Mammal survey of northwestern Pennsyl- 
vania. Final Report, Pittman-Robertson Project 20-R. Pennsylvania Game 
Comm., pp. 67, illus. 1949. 

RIEDEL, Joser. Die Bisamratte, Fiber zibethicus L., als Muschelfresser. Zool. Garten, 
Leipzig, NF, vol. 16, no. 5. p. 203. 1950 


Riese, WALTHER. Quelques observations sur le tronc cérébral du babouin; interprétation 





physiologique. Archiv. Suisses Neurol. et Psychiat., Zurich, vol. 66, pp. 377-379 
1950 

2INKER, GEORGE C., AND Emmet T. Hooper. Notes on the cranial musculature in two 
subgenera of Reithrodontomys (harvest mice). Occas. Papers Mus. Zool. Univ 





Michigan, Ann Arbor, no. 528, 1 11, pl. 1. October 21, 1950 
Ritcuis, W. D A tiger fight. Jour. Bombay Nat. Hist. So vol. 49, no. 3 p 537. Decem 


ber, 1950 














Rotru, URsu.La Rangordnung bei Laboratorizmsmausen. Zool. Garte Leipzig, NI 
vol. 17 ys. 1-5, pp. 126-128. 1950 

Rowan, W ( 1a premier problem « animal conservatior A question of cycles 
New Biology, Penguin Books, I r 9, pp. 38-57. Octobe 1950 

Desens Tome 8. * Tertiary gravels of & tchewan. Trans. Royal Soc. Canada 
ve l4.s 3, sect. 4, pp. 51-59 June. 1950. (Lists o mals 

RynJau, I The strange death of a bison. Jour. Bombay Nat. Hist. Soc., vol. 49, no. 3, 
pp 546-547. December, 1950 

SANBORN, CoLIN CAMPBELI A Nepal record of the long-eared bat (Plecot homochro 
Hodgson). Nat. Hist. Mise., Chicago Acad. Sci., no. 69, pp. 1-2. October 18, 1950 

SavAGE, DoNALI Late Cenozoic vertebrates of the San Francisco Bay region. Univ 
Californ Publ.. Bull. Dept. Geol. Sci vol. 28. no. 10. pp. 215-314, figs. 51 
March 23, 1951. (New: Pe ( H o natone Car 
to 

> FFI Victor B. The striped dolphin, Lagenorhynchus obliquidens Gill 1865, on the 
coast North America. Amer. Midland Nat., Notre Dame, vol. 44, no. 3, pp 
750-758. illus. November, 1950 

Sct rER, Victor B. Winter injury to young fur seals on the Northwest Coast. Califor 
nia Fish & Game, San Francisco, vol. 36, no. 4, pp. 378-379, illus. October, 1950 

Scntotr, M. Zur Kenntniss der Jugen twicklung des Baribals (Euarcto me ar 
Pall Zool. Garten, Leipzig, NF, vol. 17, nos. 1-5, pp. 40-44, illus. 1950 

ScHNEIDER, Kart Max. Einige Eindriicke vom Okapi, Okapia johnstoni Sclater. Zool 
Garten, Leipzig, NF, vol. 16, no. 5, pp. 182-185. 1950 

SCHWANGART, FRIEDRICH Der Problemkreis um die schwanzlosen Katzen. Zool. Garten 
Leipzig, NF, vol. 17, nos. 1-5, pp. 66-73. 1950 

Scott, J. P., ET Al Methodology and techniques for the study of animal societies. Ann 
New York Acad. Sci., vol. 51, art. 6, pp. 1-122, illus. 1950 

Serra, O. DELLA Le tubercule intermédiaire postérieur des molaires supérieures ou 
metdconule, dans le genre Alouatia La Singes platyrihiniens). Mammalia 
Paris, vol. 14, no +, pp 159-164. figs. 3. December, 1950 


Serzer, Henry W Animals bones. Jn ‘‘Archeology of the Bynum Mounds, Mississippi,’’ 
by John L. Cotter and John M. Corbett, Archeological Research Series, Nat 


Park Service, Washington, no. 1, p. 49. 1951 
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SuHarritr, Grace V. Country of the antelope. Nature Mag., Washington, vol. 43, no. 8, 
pp 405-407. illus. October, 1950. 

SHetpon, Henry H. Beaver family life. Frontiers, Philadelphia, vol. 15, no. 1, p. 5, illus 
October, 1950. 

Survonen, L. En 6versikt éver villebradet i Finland. Suomen Riista, Helsinki, vol. 4, 
pp. 125-170. 1949. (Swedish, with English summar 

Simpson, Georce Gayiorp. History of the fauna of | n America. Amer. Science, 


> > 


Easton, vol. 38, no. 3, pp. 361-389. July, 1950 


Stmpson, GeorGe GayLorp. Evolutionary determinism and the fossil record. Sci. Monthly 
Lancaster, vol. 71, no. 4, pp. 262-267. October, 1950 

Specut, Ricuarp. Einige Laborerfahrungen in der Kleintierzucht. Zool. Garten, Leip 
zig, NF, vol. 17, nos. 1-5, pp. 250-253. 1950 


Srory, H. Exvizaspetu. The carotid arteries in the Procyonidae. Fieldiana, Zoology 


Chicago, vol. 32, no. 8, pp. 475-557, illus. May 11, 1951 

STuewer, F. W About bears! Michigan Conserv., Lansing, vol. 19, no. 6, pp. 21-25, illus 
November, 1950 

STuEWER. F. W 15,000,000 cottontails. Michigan Conserv Lansing, vol. 20, no. 1, pp 
3-5 illus January 1951 

Swanson, Gustav A. Wildlife management and ecology. Sci. Monthly, Lancaster, vol 
72, no. 4, pp. 230-232. April, 1951 

SwWELLENGREBEL, N. H. Plague in Java, 1910-1912. Jour. Hygiene, London, vol. 48, no 
2, pp. 135-145. October 26, 1950 

TayYtor, WILLIAM LIN The distribution of wild deer in Scotland. Jour. Animal Ec« 
London, vol. 18, no 187-192. November, 1950 

Ho on, Seton H. Se In ‘“‘Marine Products of Commerce,’”’ by Donald K 





Lemon, Reinhold Publ. ( New York, ed. 2 





Tipper, H. W., Z. V. JizBa, anp R. L. Konizesk A bison from eastern Washingtor 
Amer. Jour. S New Haven, vol. 249, no. 4, pp. 318-322. April, 1951 


Rendus (Doklady) Acad. Sci. URSS, Moscow, n. s., vol. 54, no. 5, pp. 465-468 
November 20, 194¢ 
TRESTER, LAURA MARKHAM. The aloof armadillo. Frontiers, iladelphia, vol. 15, n 





pp. 18-20, illus. October, 1950 
TrROovuGHTON, ELL Bandicoots—rare and otherwise. Australian Mus. Mag., Sydne 
ve 10, no. 4, pp. 113-117. December 15, 1950 


Uxiirich, HerBert. Warmehaushalt, geographische Verbreitung, Biotop und Akklim 

tisation. Zool. Garten, Leipzig, NF, vol. 17, nos. 1-5, pp. 74-84. 1950 
J. RINJAR Un hybride de tigre-lion au Pare zoologique de Vincennes : 
Mammalia, Paris, vol. 14, no. 4, pp. 103-104, pl. 1. December, 1950 

VitLtaA R., Bernarpo. El murcielago blanco, genero Diclidur registrado por primer: 
vez en Mexico. Anales Inst. Biol., Mexico, vol. 21, no. 2, pp. 435-437, illus. Marcl 


, 195 

VuiasAk, JAD Uber kiinstliche Aufzucht eines Eisbiren, Thalarctos maritimus Phipps 
Zool. Garten, Leipzig, NF, vol. 16, no. 5, pp. 159-179, illus. 1950 

WALKER, WARREN F., Jr. On the use of both cats and rabbits in the comparative anatom 
laboratory. Turtox News, Chicago, vol. 29, no. 1, pp. 35-36. January, 1951 


WALKER, Ernest P. Unusual pets that are readily tamed: ‘‘flying’’ squirrels. Illus. L« 
don News, vol. 218, no. 5836, pp. 302, 303, illus. Febri 24, 1951 





WARBURTON, FrED. Notes on the vertebrates, except fishes, of the Sault Ste. Marie Regio | 
of Ontario. Canadiin Field—Nat., Ottawa, vol. 64, no. 6, pp. 192-200. November 
December, 1950 

WEIDHOLZ, ALFRE! Uber den Fluchtinstinkt verschiedener Steppensduger. Zool. Garter 
Leipzig, NF, vol. 16, no. 5, pp. 205-207. 1950. (Kangaroos and antelopes 
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WHeEE LER, Sessions S. Conserving Nevada fish and wildlife. Conservation and Nevada, 

son City, pp. 89-126, illus. 1949. 

Wuittock, 8. C. Deer research. Michigan Conse 
26. November, 1950 

Wippowson, E. M. Chemical composition of newly born mammals. Nature, London, vol. 


166. no. 4224 





State Dept Public Instruction, Car 





Lansing, vol. 19, no. 6, pp. 7-8, 25- 





Wopzick1, K. A. Int » Zealand. An ecological and economic sur 
ve Bul dustrial Research, Wellington, no. 98, pp. x + 
955 llus 


2 


WyntTerR-Biytu, M ind its lions. Jour. Bombay Nat. Hist. Soc., vol. 


4 ? y 
49. no. 3, DD 





1950 











ZuKowsky, Lupwi Grosssiuger, die Hagenbeck entdeckte. Zool. Garten, Leipzig, NF 
rol. 17, nos 5, pp 21, illus. 1950 
COMMENTS AND NEWS 
HONORARIA FOR YOUNG MAMMALOGISTS 
The American Society of Mammalogists will grant annually up to four honoraria of 
fty dollars ($50.00) each to young mammalogists (students) for papers to be presented at 
I nual mee g (see Jour. Mamm., 32: 387 
Papers submitted for the award for 1952 must be in the hands of the Committee o1 
Aw George H. H. Tate, Stanley P. Youngs d William H. Burt, Chairman, before 
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near a noisy waterfall, etc.). Descriptions of any type of bat behavior in which objects 
are perceived at a distance will be of interest in this connection. Due acknowledgement 
will of course be made if any such reports are used in future publications 
Donacp R. Grirrin, 
De partment of Zoolog Y, 
Cornell Un versil 


Ithaca, New York 


I, 


DEATHS 
tecent deaths reported are: Sherman C. Bishop, Rochester, N. Y., May 28, 1951; J. 
Southgate Y. Hoyt, Ithaca, N. Y., June 1, 1951. 
DATE OF ISSUE OF PREVIOUS NUMBER 
Journal of Mammalogy, Vol. 32, No. 3, was mailed August 23, 1951 


Live traps for SMALL MAMMALS, as well 
as those for mammals as large as a rac- 
coon, are now available from the Allcocl 
Manufacturing Company, Ossining. Neu 
York. HAVAHART traps have been used 


successfully by many who have been do- 





ing live-trapping experiments on small 
mammals. A free booklet is yours for the 
asking. 
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